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Abstract 
Nowadays, most mobile phones are equipped with multiple wireless access technologies, 
which allow the user to maintain connections while moving across networks (e.g. having a 
telephony service in GSM while moving to a WLAN area). The IEEE 802.21 Media 
Independent Handover (MIH) Services [1] is a standard aiming at facilitating handover 
between these heterogeneous networks. In the current situation, in order for the mobile 
device to detect other wireless access network (e.g. WLAN), the user has to keep the 
WLAN interface continuously on and this will cause battery drain. With IEEE 802.21, the 
mobile device will have continuous access to the MIH function via a Service Access Point 
(SAP) on the GSM network and can hence receive information about the availability of the 
WLAN hot spot. The WLAN interface can then be turned on and the connection can be 
established. 
 
Unfortunately, the standard only provides the information for network connectivity but is 
incapable of supporting service continuity. More specifically, the standard does not enable 
the user to seamlessly change from GSM telephony to IP telephony when entering a 
WLAN hotspot. 
 
To remedy the situation this thesis has analysed future mobile scenarios and proposes a 
mobile service architecture, which enhances the availability of services at the same time as 
service continuity is ensured. The necessary functional entities both on the network and 
terminal side are identified and described. The thesis has also conducted thorough analysis 
and realisation of the two main elements of the mobile service architecture, namely Service 
Continuity and Service Discovery.  
 
To realise Service Continuity it is proposed to extend the functionality of the IEEE Media 
Independent Handover (MIH). More specifically, it is proposed to extend the information 
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database with service information and to include service information in the information 
exchange between the mobile client and the MIH. 
 
Regarding Service Discovery it is an innovative discovery scheme capable of handling the 
following characteristics: 
 
x Similar services with different names in different languages 
x Different services with similar names 
x Partially similar services 
x No restriction regarding the name length 
x Anybody can introduce anything as a service anytime 
 
To verify the validation of the three proposed items: 
 
x The future mobile service architecture 
x The Service Continuity 
x The Service Discovery 
 
partial but sufficient implementations have been carried out. Consequently, it is possible to 
conclude that the three proposed items are both sound and feasible. 
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Glossary 
Name-to-object association – “... is called a name binding.” [2] 
 
Name resolution – “... the process to determine the object associated with a name in a given 
context.” 
 
Namespace – “An abstract container providing context for the items (names, or technical 
terms, or words) it holds and allowing disambiguation of items having the same name 
(residing in different namespaces).” 
 
Naming convention – “A convention for naming things.” 
 
Naming policy – “... provides guidelines aimed at ensuring the appropriate naming.” 
 
Network service – “... is a service offered to the user by a network system.” 
 
Nomenclature – “A set or system of names or terms including the rules used for forming 
the names as those used in a particular science or art, by an individual or community, etc.”  
 
Semantic matching – “... requires a service description complete with the ontology 
definition and a service engine with reasoning mechanism.” [3] 
 
Service – “... is a mechanism enabling the end-user’s access to one or more capabilities.” 
[4] 
 
Service availability – “... the time when the service can be accessed.” 
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Service classification – “A process of assigning a class to a service, indicating the 
domain/category a service belongs to.” 
 
Service continuity – “... the ability for a user to maintain an ongoing service during mobility 
across domains, networks and devices.” 
 
Service discovery – “A process of obtaining a set of services which can possibly fulfill a 
user request.” [5] 
 
Service matching – “The process of comparing the service request against the available 
service advertisements and determining which service best satisfies the request.” [6] 
 
Service naming – “A method on how the service is called.” 
 
Service naming scheme – “A system for assigning names to services.” 
 
Syntactic matching – “... will only do the comparison based on the attributes or 
interfaces...” [3] 
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1. Introduction 
1.1 Motivation 
For the past three decades since the first mobile telecommunication service was introduced 
in the early 80’s we have seen tremendous advances in mobile services which would not be 
possible without progress in wireless technologies. Mobile phones have evolved from being 
a terminal offering basic telephony service to the user to become an intelligent device 
offering not only telecommunication but also other fancy and advanced services such as 
navigation, music player and much more.  
 
Most of mobile phones are nowadays equipped with multiple wireless access technologies, 
e.g. GSM, GPRS, UMTS, WLAN, Bluetooth, etc. which enable them to be connected to 
multiple networks at the same time. In principle, this should allow users to access to a 
wider range of services. However, the potential of the enhanced connectivity is not fully 
exploited and many improvements can be done to improve the availability and the 
continuity of the services and to promote the user’s freedom of choice of services based on 
different factors such as performance, price, security, role, etc. 
 
To clarify the point let us consider the state-of the-art mobile network system as depicted in 
Figure 1. Through the circuit-switched CS domain of the mobile network consisting of the 
traditional GSM network the user can access and consume the voice and SMS services. 
Indeed these two services are both the first and most dominant mobile services. With the 
introduction of the packet-switched PS domain consisting of GPRS [7], 3G [8], HSPA [9] 
the user can have access to the Internet and enjoy a wide range of services like information, 
commerce, social communities, etc. 
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Figure 1 Today’s user access to mobile services 
 
Newer mobile phones are quite often equipped with wireless LAN 802.11 [10] also called 
WLAN or WiFi enabling the connection to the Internet via the enterprise IP network or the 
home IP network or any authorized IP network. The user can hence have access to Internet 
services for free or for lower fee. 
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Recently, as shown in Figure 1, a plethora of VoIP applications such as Skype, Viber, 
mofree, Fonea, etc. have emerged in the Internet and offered free or cheaper phone calls via 
3G and WLAN. Some of them do also offer SMS. These VoIP applications are client 
software that can be easily downloaded and installed on the mobile phones by the user. 
They can either be automatically switched on at power on or initiated by the user. They are 
interacting with a centralized or distributed server part located in the Internet to offer voice 
communication. 
 
Although there is a big variation in terms of sound quality, user friendliness these VoIP 
applications are all dependent on the quality of the 3G or WLAN connection resulting 
generally to lower quality than the GSM voice service. The main drawback is the lack of 
integration with the GSM telephony service and the user does not make or receive calls 
using their mobile phone number but a URI (Uniform Resource Identifier) such as 
bob@ntnu.no. 
 
These VoIP applications reside on the Internet, which can be viewed as an independent and 
ubiquitous service layer available over all access network technologies. These applications 
on the Internet are often referred to as Over The Top (OTT) applications and service 
continuity is preserved as long as there is continuous network connectivity. This thesis does 
not focus on these Internet services but on services residing in the mobile, enterprise and 
home networks. 
 
In enterprise and home IP networks IP telephony service is also getting more and more 
popular due to its low flat rate and its improving quality. Both network operators and 
ADSL operators do offer their IP telephony service. In addition there are also autonomous 
service providers such as Telio, Ventelo, Phonzo, IPonNet, etc. that offer only IP telephony 
service either on PCs or wireless handsets as shown in Figure 1. These telephony services 
are currently separate from the GSM voice service even in the case where the operator is 
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the owner of the mobile network and the broadband ADSL network. To enjoy cheaper calls 
the users have to handle two incompatible telephony services.  
 
Seen from the user it would be nice if the disparate telephony services i.e. GSM and IP 
telephony services are unified and service continuity is provided between them. With 
service availability the most appropriate telephony service for each situation will 
automatically be selected for the user. With service continuity a user with an ongoing GSM 
call on the mobile phone will be automatically switched from GSM to the enterprise or 
home network when entering the WLAN coverage area. The ongoing GSM call will be 
smoothly replaced by a VoIP call without disrupting the user’s conversation. The user’s 
motivation for carrying such a call change is the low flat rate1 of the IP telephony service at 
enterprise or at home. By moving mobile calls to the broadband fixed network the user may 
save money and improve the family budget. Another advantage is the reuse of the mobile 
phone at home, which removes the need for additional cordless telephone handset. 
 
For the mobile operator, a call transfer from GSM to VoIP may constitute a way of 
offloading the heavily loaded mobile network during peak hours. Furthermore, the operator 
will be in a better position to offer bundled service packages including both mobile and 
fixed subscription which increase customer’s loyalty and reduce churn. 
 
For the mobile user it might also be relevant to discover and use all services offered by the 
visited network. Some services such as voice, messaging, chat, etc. are familiar to the user 
and are chosen due to several factors like price, performance, security, etc. Other services 
are more specific to the visited network such as local information, local offers, IPTV, 
games, etc. and might be quite interesting for the visiting mobile user. 
 
                                                 
1 A flat fee, also referred to as a flat rate or a linear rate, refers to a pricing structure that charges a single fixed 
fee for a service, regardless of usage 
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Moreover, users may visit different places such as family, relatives, friends, public places, 
etc. and get granted access to different IP networks offering various services which can be 
identical, equivalent or different with the ones they are used to. It might hence be quite 
interesting for the users that these services are discovered and made ready for usage by the 
users. 
 
To summarize, the following scenario would be highly desirable for mobile users: 
 
x As the user moves and changes location the mobile terminal will detect all 
available heterogeneous access networks not only mobile networks standardized 
by 3rd Generation Partnership Project (3GPP) like GSM, GPRS, 3G, HSPA, LTE 
[11], etc. but also enterprise, home or other networks using wireless LAN family, 
802.16 wireless Broadband series commercialized as WiMAX, 802.20 Mobile 
Broadband Wireless Access (MBWA). 
x The mobile terminal will thereafter select and connect to one or more networks 
offering the services that match the user’s needs and preferences before 
terminating the connections with the former networks. The user’s preferences 
could be price, performance, security, etc. 
x In the case where there are ongoing services, e.g. voice, SMS, mail, banking, 
commerce, etc. service continuity will prevail such that the user can continue using 
the services without disruption. 
x In the case where no service is in use, appropriate preparations will be carried out 
such that the user’s preferred services which are available in the visiting networks 
are made ready for usage. 
x If the user wants, the specific services offered by the visited network shall also be 
presented to the user in a comprehensive way. 
 
Although the described scenario may sound familiar and trivial there are still some 
challenging issues that need to be resolved as follows: 
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– Seamless handover between access technologies 
– Seamless call transfer between two telephony services 
– Access to service information 
– Service discovery for open environments 
– Unifying mobile service architecture 
 
The mentioned issues will now be successively studied and the ones considered in this 
thesis will be clearly indicated. 
 
Seamless handover between access technologies 
Although the number of accessible wireless networks keeps increasing it does not 
automatically mean that the user can benefit them. Indeed, the user’s mobile terminal must 
first discover the available networks before using them. For that, all the mobile phone’s 
radio interfaces, e.g. WLAN, WiMAX, Bluetooth, etc. have to be turned on constantly and 
keep draining the battery. In fact, in order to save battery, most users do turn off the unused 
radio interfaces and keep only the operating one. Consequently the mobile phone is 
prevented from discovery wireless networks and services that might be relevant to the user. 
 
A few solutions to this problem have been proposed but unfortunately, they are not quite 
satisfactory. For example, the mobile phone can be programmed to switch on WLAN when 
the signal quality of GSM has deteriorated under a certain level. Unfortunately, this 
solution does not enable the detection of WLAN networks when the GSM signal is still 
good, which is most of the time due to the current great coverage of GSM nowadays. The 
user might want to change to WLAN due to performance or price and not due to signal 
quality or coverage of GSM. Another solution is to put the WLAN interface in sleep mode 
and wake it up periodically. This solution helps obviously to reduce the power waste but is 
far from being optimal. Moreover, and increasing number of radio interfaces will increase 
the power consumption and this solution will be unacceptable. 
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To address this problem the Institute of Electrical and Electronics Engineers (IEEE) has 
introduced the 802.21 Media Independent Handover (MIH) Services [1]. The MIH is a 
standard aiming at facilitating handover between these heterogeneous networks. With IEEE 
802.21, the mobile device will have continuous access to the MIH function via a Service 
Access Point (SAP) on the GSM network and can hence receive information about the 
availability of the WLAN hot spots. The WLAN interface can then be turned on and the 
connection can be established.    
 
Conclusion: The seamless handover between access technologies is covered by the 
standard IEEE 802.21 MIH and will not be considered in this thesis. 
 
Call transfer between two telephony services 
With the 802.21 MIH standard service continuity will be preserved for Over The Top 
applications in which the service client and the service server part remain unchanged and 
only the access networks are shifted. For example, when the mobile terminal is moving 
from a 3G network to a WLAN network the MIH will provide sufficient information to 
carry out seamless handover between 3G and WLAN and hence ensure that an ongoing 
Skype call can continue without disruption. 
 
However, if the user has an ongoing GSM voice call and wants to shift to IP telephony 
when entering the WLAN IP network the information provided by the 802.21 MIH is not 
sufficient to ensure service shift and continuity. Indeed, the 802.21 MIH ensures only 
continuous connectivity between 3G and WLAN. In order to carry smooth and seamless 
service shift between GSM voice and IP telephony the IP telephony service in the IP 
network has to be discovered and the IP client has to be initiated and prepared for call 
establishment. A new call leg will then be established with the IP client before the 
termination of the former GSM call leg. 
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The call transfer between GSM and IP can be realized by introducing IMS (IP Multimedia 
Subsystem) as shown in Figure 2. The Mobicome project has implemented and 
demonstrated a call transfer between a GSM call on a mobile phone and an IP telephony 
client on a PC [12]. A media server realized by the Snowshore Server, now called Dialogic 
IP Media Server [13] is used to create and bridge multiple RTP media streams and hence 
enable the establishment of a new calling leg without disrupting the call. Although not 
implemented due to limitations of the mobile phones, call transfer between GSM voice 
service and an IP telephony client on the same phone is in principle the same as on two 
separate devices and should be possible. 
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Figure 2 Using IMS to unify voice call service 
 
Conclusion: The call transfer between two telephony services was already demonstrated 
by the Mobicome project and will not be considered in this thesis. 
 
Access to service information 
The challenge now is to find out which telephony services are available in order to initiate 
and use them. In the case of the enterprise or home network, the IP of the available 
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telephony service is known and the mobile phone can be configured to initiate the IP 
telephony client upon handover from 3G to enterprise or home network. However, if the 
goal is to provide service transfer between any networks then the mobile phone must 
somehow have access to information about the services available on the visiting network. 
This is not possible today and new solutions are required. 
 
Conclusion: The access to service information necessary for service availability and 
continuity is currently not provided to the mobile terminals and constitutes one of the main 
issues addressed in this thesis. 
 
Service discovery for open environments 
Let us assume that the service information is somehow published and the mobile phone can 
easily access them. This service information will, however be useless to the mobile 
terminal unless both the syntax and semantics of the service information is known by the 
mobile terminal. Indeed, at least the format and convention of the service naming and 
typing must known by the mobile terminal if it wants to know which services are available. 
For example in UPnP (Universal Plug and Play) the CallManagement service [14] is a 
UPnP service that allows control points to use the telephony features (e.g. voice call, video 
call, and data transfer, etc.). The service type for CallManagement is defined as follows: 
 
urn:schemas-upnp-org:service:CallManagement:1 
 
The UPnP standard service types are denoted by urn:schemas-upnp-
org:service: followed by a unique name assigned by a UPnP forum working 
committee, colon, and an integer version number. To discover a UPnP service a string 
matching is carried out on the service type. In GSM, the service code for telephony and 
Emergency calls are respectively 11 and 12 [15] and service discovery is done by 
comparing the service codes. 
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Generally, most of state-of-the art service discovery system such as UPnP, Jini, dlna, 
UDDI, Web Service Dynamic Discovery, etc. are based on service type or name string 
matching on standardized well defined service types. The service type or name is usually 
uniquely defined and standardised by a centralized body such as UPnP forum, OASIS 
UDDI technical committee, etc. and all the service providers have to comply with it. 
 
In an open deregulated heterogeneous network environment where a service can be 
anything and even the end-users can be service providers, current centralized and 
standardized service discovery systems are not quite appropriate. Indeed, it should be 
possible for anyone to offer any service with any name. A more open service discovery 
system allowing dynamic introduction of services without demanding approval from a 
centralized body is requested. 
 
Conclusion: In an open heterogeneous network environment where anyone can be a 
service provider and a service can be anything with any name not every service can be 
discovered by existing service discovery systems. This unsolved issue will be studied in this 
thesis and innovative solutions will be proposed. 
 
Unifying mobile service architecture 
As mentioned earlier the users are now facing multiple competing services by different 
service providers on different access networks. For example, the telephony service may be 
offered by different service providers using different implementations with different 
components and different arbitrary names e.g. Telio, Phonzo, IPonNet, etc. They are 
perceived as equivalent by the users since they all offer voice communication. However, 
there is no standardization body which formally approves their equivalence. In fact even the 
service providers tend to differentiate and advertise the uniqueness of their services. 
 
From the user point of view, it would be nice if they can self define a generic service e.g. 
telephony, messaging, chatting, etc. which unifies all the disparate but equivalent services. 
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To realize this vision it is necessary to have a mobile service architecture and framework 
incorporating and unifying existing equivalent services, which does not exist today. 
 
Conclusion: There is no mobile service architecture and framework which allows the user 
to unify the disparate equivalent services. This thesis is focusing on this unresolved issue 
and an appropriate mobile service architecture and framework will be proposed.        
 
1.2 Problem statements and goals 
From the described scenario the problem statements can be extracted and summarized as 
follows: 
 
• There is no adequate architecture and framework for unifying mobile services, 
which allows the users to define equivalent services and thereafter use them in a 
combined way. 
• There is currently no adequate solution that provides service continuity across 
multiple heterogeneous networks offering disparate equivalent services. 
• The support for handover provides by the IEEE 802.21 Media Independent 
Handover (MIH) is not sufficient to ensure service continuity when service transfer 
is requested. 
• To be able to transfer services the mobile device needs to have access to service 
information for a location, which is not present today. 
• There is no adequate service discovery that can handle new and unpredictable 
services with arbitrary names introduced and provided by different service 
providers. 
 
The goals of the thesis are as follows: 
 
• To contribute to the design and modelling of the architecture of future mobile 
services. 
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• To study, design and implement capabilities and functions that support service 
continuity in a multiple network system environment. 
• To study, design and implement a service discovery for future mobile services. 
1.3 Methodologies 
1.3.1. Research methodology 
The research methodology used in this thesis is based on the design science research 
process [16]. The design science is inherently a problem solving process. Hence, it is 
important to define the problem to be solved as highlighted in the previous section. 
 
Based on the problems defined, the research questions are identified as follows: 
 
a) What are the characteristics of current mobile services? 
b) What are the limitations of current mobile services with regards to open mobile 
environments? 
c) Which mechanisms and functionalities are required in introducing a service in 
order to support unpredictable services with arbitrary names introduced and 
provided by different service providers? 
d) What is the current information available to the user during the handover which 
relates to service information? 
e) What are the limitations of the current service information with regards to service 
continuity and service availability? 
f) How can the service information be improved by taking d) and e) into account? 
g) Is the existing practical implementation possible today, or if not, what types of 
technologies are currently missing? 
 
Research questions a), b) and c) are based on the first problem statement which focuses on 
the need for an architecture and framework for unifying mobile services. The next research 
questions d), e) and f) are related to the next three problem statements which highlighted on 
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the lack of service information available during the handover (service transfer) support for 
seamless service continuity. The final question is based on the last problem statement 
which is on the need of service discovery that can handle new and unpredictable services 
with arbitrary names introduced and provided by different service providers. 
  
The design-science research guidelines as illustrated in Table 1 are applied for each of the 
research question. 
Table 1 Design-science research guidelines 
Guideline Description 
Guideline 1: Design as an Artifact Design-science research must produce a viable 
artifact in the form of a construct, a model, a 
method, or an instantiation. 
Guideline 2: Problem Relevance The objective of design-science research is to 
develop technology-based solutions to important 
and relevant business problems. 
Guideline 3: Design Evaluation The utility, quality, and efficacy of a design 
artifact must be rigorously demonstrated via 
well-executed evaluation methods. 
Guideline 4: Research Contributions Effective design-science research must provide 
clear and verifiable contributions in the areas of 
the design artifact, design foundations, and/or 
design methodologies. 
Guideline 5: Research Rigor Design-science research relies upon the 
application of rigorous methods in both the 
construction and evaluation of the design 
artifact. 
Guideline 6: Design as a Search Process The search for an effective artifact requires 
utilizing available means to reach desired ends 
while satisfying laws in the problem 
environment. 
Guideline 7: Communication of Research Design-science research must be presented 
effectively both to technology-oriented as well 
as management-oriented audiences. 
 
Source: Alan R. Hevner, Salvatore T. March, Jinsoo Park, Sudha Ram."Design Science in 
Information Systems Research". MIS Quartely [Research Essay]. (28) 1: 75-105 (2004). 
 
Research question a) is applying design-science research guideline no. 5 which is on the 
research rigor. Rigor is derived from the effective use of the knowledge base which are the 
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theoretical foundations and research methodologies. In this research the theoretical 
foundations of the current mobile service are studied as a basis for the construction of the 
design artifact.  
 
For research questions b) and e) research guideline no. 2 which is problem relevance is 
applied as the answers from both questions indicate the relevant problem addressed by this 
research.  
 
Research question c) is applying research guideline no. 4 which is on the research 
contributions as the answer from the question will contribute to the areas of the design 
artifact – which in this research refers to the new solution for seamless service continuity 
for the user in an open mobile and a multiple network system environment. 
 
Guideline no. 6 which is design as a search process is applied in research question d) where 
the answer is used to design a mechanism that satisfies laws in the problem environment 
which in this research refers to the service availability and service continuity.  
 
Next, research question f) is applying research guideline no. 1 which is design as an artifact 
whereby the answer from the question will produce a viable artifact - which in this research 
refers to the new mobile service architecture and framework, extended functionalities of 
IEEE 802.21 MIH Services and a new service discovery system which supports the 
semantics of data. 
 
Finally, research question g) is applying research guideline no. 3 which is design evaluation 
where the utility, quality and efficacy of the design artifact is rigorously demonstrated via 
well-executed evaluation methods – which in this research is conducted via laboratory 
experiments. 
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A summary of the application of design-science research guidelines in each research 
question is illustrated in Table 2. The research guideline no. 7 which is on the 
communication of research is not applied in any of the research questions as it is used in the 
construction methodology as discussed in the next section (1.3.2). 
Table 2 The application of design-science research guidelines in each research question 
Research Question Guideline 
a) What are the characteristics of current mobile 
services? 
Research Rigor 
b) What are the limitations of current mobile 
services with regards to open mobile 
environments? 
Problem Relevance 
c) Which mechanisms and functionalities are 
required in introducing a service in order to 
support unpredictable services with arbitrary 
name introduced and provided by different 
service providers? 
Research Contributions 
d) What is the current information available to the 
user during the handover which relates to 
service information? 
Design as a Search Process 
e) What are the limitations of the current service 
information with regards to service continuity 
and service availability? 
Problem Relevance 
f) How can the service information be improved 
by taking d) and e) into account? 
Design as an Artifact 
g) Is the existing practical implementation possible 
today, or if not, what types of technologies are 
currently missing? 
Design Evaluation 
 
 
Based on the research guidelines, three main activities in the research process are deduced 
which are: 
 
x Problem identification which is deduced from Guideline no. 2 - Problem 
relevance 
x Solution design which is by the combination of Guidelines no. 1, 5 and 6 – 
Design as an artifact, Research rigor and Design as a search process 
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x Evaluation which is from the Guidelines no. 3, 4 and 7 – Design evaluation, 
Research contributions and Communication of research 
 
The details of activities are as described below: 
 
i) Problem identification  
In problem identification activity, the need for service transfer and continuity 
between disparate but equivalent services is identified. All the handover and service 
continuity solutions are analysed thoroughly. The limitations of the existing IEEE 
802.21 MIH Services are then identified. To provide service continuity, a service 
discovery is required. The existing service naming and service discovery schemes 
are also studied and evaluated. Based on the limitations identified, some research 
questions are derived and set as the foundation for the further research process. 
ii) Solution design  
In the solution design, the requirements of future mobile services are identified 
concerning the dynamic changes of components realising a service. Based on the 
results of the study in the problem identification activity, the requirements of future 
service naming and service discovery scheme are proposed and described 
thoroughly. The design of the future service discovery scheme is also conducted and 
developed. Extensions to the IEEE 802.21 MIH Services are proposed and 
described in detail. The outputs of this activity then are used to design the mobile 
service architecture for future mobile services. 
iii) Evaluation  
In this last activity, the future service discovery system is implemented based on the 
conceptual model of the design artifact from the solution design activity. Some case 
studies are presented in use scenarios to show the applicability in practice and 
laboratory experiments are also conducted on the service discovery system for 
performance and evaluation testing. 
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1.3.2. Construction methodology 
Since this thesis will involve the implementation of future service discovery schemes and 
the realisation of mobile service architecture, the Unified Modeling Language (UML) [17] 
is used to visualize the conceptual models, requirements, designs and deployment 
architecture.  
 
The diagrams used in each process are: 
 
1. UML use case diagrams – for high-level requirements specifications 
2. UML collaboration diagrams – for high-level system interaction specifications 
3. UML sequence diagrams – for high-level system process specification 
 
There is no formal testing methodology conducted as the developed system artefacts are 
only prototypes. However, the system has been sufficiently evaluated with manual testing 
and the results retrieved are satisfactory and acceptable. 
1.4 Contribution of the thesis 
The main contributions of this thesis are: 
 
• The specification of the architecture and framework enabling the unification of 
mobile services. 
• The proposed extension of the current IEEE 802.21 MIH Services which enables the 
support of service transfer and continuity. 
• The specification of an open and sound service discovery system, which supports 
the introduction of any services with arbitrary names by anybody without the need 
of standardisation. 
 
The thesis resulted in 9 published papers at international conferences with referee and 1 
accepted journal paper focusing on the three topics as follows: 
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• Mobile service architecture and framework 
• Service continuity 
• Service discovery 
 
Figure 3 illustrates the relationships between the papers and their corresponding area of 
contributions.  
 
Figure 3 The relationship between the papers and their corresponding area of contribution 
 
The construction methodology is applied in each focus topic and resulted in publications in 
all the three activities: Problem Identification, Solution Design and Evaluation as follows:
 
• Mobile service architecture: 
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o Paper 7: “A Mobile Service Architecture for improving Availability and 
Continuity” 
• Service continuity: 
o Paper 1: “Enabling Service Continuity on Future Mobile Services” 
o Paper 8: “Service Continuity across heterogeneous networks ” 
• Service discovery: 
o Paper 2: “Service Naming in Future Mobile Environments” 
o Paper 3: “Service Discovery in Future Open Mobile Environments” 
o Paper 4: “An Open and Extensible Service Discovery for Ubiquitous 
Communication Systems” 
o Paper 5: “Service Discovery for Mobile Multi-domain Multi-language 
Environments” 
o Paper 6: “Service Discovery in Ubiquitous Mobile Computing 
Environment” 
o Paper 9: “Novel Service Discovery Techniques for Open Mobile 
Environments and their Business Applications” 
o Paper 10: “Quality-driven Service Discovery Techniques for Open Mobile 
Environments and their Business Applications” 
 
The limitations found from the problem identification activity in both service continuity 
and service discovery areas contribute to the design of mobile service architecture. 
 
The author of this thesis is the first author and main contributor to all the 10 papers. 
However, she received advice, support and assistance from the other co-authors who are 
her supervisors, her students and her colleagues from the Mobicome project.  
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1.5 Additional work 
1.5.1. Student supervision 
Two Master students were supervised by the PhD-candidate during the work of this thesis. 
The summary of the work done by the students is as follows: 
 
MASTER THESIS: “Service Discovery for Future Mobile Services” 
A web-based Future Service Discovery System (FSDS) was successfully developed and 
implemented by the students using the ASP.NET Framework. The system allows flexibility 
in introducing services and enables anybody even the end-user to be a service provider. It 
supports semantics in the service descriptions hence results to a more efficient service 
matching during the service discovery. Using the Web Ontology Language (OWL) Lite the 
equivalent or same service can have different names and in different languages and 
different services may also have similar names. In addition, the service discovery also 
supports partially matching services, i.e. services that are not exact match of the requested 
one but have more additional functions. A paper has been published based on this work 
[18] which also contributes to one of the main topics in this thesis. 
1.6 Organization of thesis 
The organisation of this thesis is as illustrated in Figure 4. Chapter 1 is the Introduction of 
the thesis starting with the motivation of this thesis work in Section 1.1. Section 1.2 
presents the problem statements and goals of the work. The methodologies explaining how 
the thesis work is conducted are elaborated in Section 1.3 followed by the contribution of 
the thesis work in Section 1.4. Section 1.5 describes the additional work carried out during 
the study and Section 1.6 detailed out the organisation of the thesis. Chapter 2 is the 
discussion part on the related works and state-of-the-art technology related to this work. A 
summary of the work is given in Section 3 and is presented by displaying the 
interrelationships between the papers published. Chapter 4 provides conclusion of the work 
together with the explanation on further work to be done. Part II contains all the thesis 
publications and papers submitted for publication. 
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Figure 4 The organisation of this thesis 
References are included at the Bibliography the end of the thesis which includes both the 
references used in Part I as well as the ones in the thesis publications. 
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2. Related works 
Related works are studied thoroughly to see what has been done so far and what are the 
unresolved issues that require improvements. 
2.1 Service continuity 
2.1.1. IEEE 802.21 Media Independent Handover (MIH) Services 
Current mobile device technology has seen a significant change of the mobile terminal 
ability, which is not only able to connect to a dedicated wireless network but is equipped 
with interfaces that allows users to access several wireless access technologies such as 
Global System for Mobile Communications (GSM), 3rd Generation Wireless 
Communication (3G), Wireless Local Area Network (WLAN), Bluetooth, etc. In order to 
ensure the seamless connectivity and facilitate the handover between the heterogeneous 
networks, the IEEE Working Group has proposed the 802.21 Media Independent Handover 
(MIH) Services that allows the mobile terminal to detect the communication channels and 
services that are available in the vicinity.  
 
The IEEE 802.21 has a logical entity called Media Independent Handover Function (MIHF) 
which is a shim layer in the mobility-management protocol stack of both the mobile node 
and the network elements. It facilitates the handover decision making based on the upper 
layer decisions and link selection based on inputs and context from MIH.  
 
Figure 5 illustrates the handover process between different types of networks in the current 
mobile service architecture supported by the IEEE 802.21 MIH Service. 
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Figure 5 Handover process with IEEE 802.21 MIH Services 
Currently without the MIH function, there is no way that the mobile device can detect 
WLAN coverage because the WLAN interface is usually disabled due to battery drain. To 
use WLAN, the user has to switch the interface on. Of course it is possible to equip the 
mobile device with a function that turns on the WLAN interface when the GSM signal 
quality has deteriorated below a certain level. However, with the today ubiquitous good 
coverage of GSM the signal quality does seldom fall to the level that can trigger the WLAN 
switch-on. It is worth noting that the user might want to change to WLAN because of price, 
performance, security reasons and not because of signal quality. One may conclude that 
there is no connectivity continuity across heterogeneous access technologies. 
 
With the IEEE 802.21 the mobile device will have continuous access to the MIH function 
via a SAP on the GSM network. When entering a WLAN area the MIIS will detect it. The 
MIES will be used to send an event MIH_Link_Detected to the upper layers on the mobile 
terminal e.g. Mobility manager, which can turn on the WLAN interface. 
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The mobility manager can also issue the command MIH_MN_HO_Candidate_Query to 
obtain handover related information about possible candidate networks. It can then make 
the MIH_MN_HO_Commit to notify the network that a candidate is available. Thereafter, 
it can initiate the handover by performing the necessary signalling. When handover is 
completed, the mobility manager will issue a MIH_MN_HO_Complete to indicate the 
handover has been completed. 
 
However, in the future mobile service architecture, the mobile device will have access to 
different types of services from different types of networks and they could be different 
service implementations with different components. For example as illustrates in Figure 6, 
the mobile phone is moving from a GSM coverage area into a WLAN area which belongs 
to an IP network operator and does not have any connection to the 3G network. The real 
challenge is on how to realize the service continuity between these networks. The GSM 
telephony service is not available in such area but there is an IP telephony service. Even 
with the assistance of the MIHF, e.g. detection of the WLAN access network, it is not 
possible to carry out handover because there is no way the mobile phone can perform the 
necessary signalling to establish a new link to transport the GSM voice traffic. Service 
continuity cannot be ensured in this way. 
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Figure 6 Handover between GSM telephony and IP telephony 
The implementation of service continuity for the telephony service in this case requires not 
only a link change but also the change of the telephony service from GSM telephony 
service to IP telephony service. To enable a fast “service handover” the following tasks 
must be accomplished: 
 
• Service discovery 
• Service matching 
• Initiation of the service client of the mobile terminal 
• Registration of the service client to the service server 
• Signalling and establishment of new links 
• Service switching 
 
The service discovery can, of course be carried out by the mobile terminal but will be more 
efficient with the assistance of the 802.21 MIHF; something which is not done today.  
 
To elucidate the limitation of the 802.21 MIHF let us consider again the situation of the 
mobile phone moving from the mobile access network to a WLAN area belonging to an IP 
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network operator. When the mobile phone moves in the WLAN coverage area, the MIIS 
will detect it. The Media Independent Event Services (MIES) will be used to send an event 
MIH_Link_Detected to the upper layers on the mobile terminal. The service continuity 
server can ask for a list of services available in the area which includes the IP telephony 
service. The service continuity server can perform a service matching and find that the IP 
telephony service is of type telephony and is equivalent to the GSM telephony service. It is 
hence possible to do a service handover. 
 
The service continuity server can then initialize the IP telephony client on the mobile 
terminal. The IP telephony will then proceed with the registration to the SIP server and 
carry out the necessary signalling to establish a new voice link. To complete the service 
handover the GSM voice link will be terminated. 
 
Unfortunately, not much is done regarding the architecture of the mobile services that are 
delivered to the mobile terminal. Hence it is important to understand on how the 
architecture works and from there it is proposed to have the extension on the current MIH 
in order to ensure that is supports not only handover between the networks but also service 
handover (for seamless service continuity).   
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2.1.2. Future mobile service architectures – Ivar Jørstad (2006) 
 
 
Figure 7 Architecture of a next generation mobile service 
 
I. Jørstad [19] in his PhD Thesis at the Department of Telematics, NTNU has proposed an 
architecture as shown in Figure 7 which allows dynamic service composition of both pre-
defined and ad-hoc service logic components. A service can be realised by a multitude of 
assemblage variants.  
 
In the first alternative, when the user is using a MobileDevice1, a ServiceX is realised by 
ServiceXClientA, ServiceXLogicK1 and ServiceXLogicL1. 
 
When the user is moving but using the same mobile device, the ServiceX is realised by the 
same but the logic components ServiceXLogicK1 and ServiceXLogicL1 are replaced 
respectively by new instances ServiceXLogicK2 and ServiceXLogicL2 as shown in 
alternative 2. 
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In alternative 3, the logic components ServiceXLogicK1 and ServiceXLogicL1 are replaced 
respectively by equivalent implementations ServiceXLogicM1 and ServiceXLogicN2. 
When the user changes to another MobileDevice2, the ServiceX is realised by a new 
ServiceXClientB and the same ServiceXLogicK1 and ServiceXLogicL1. 
 
Jørstad emphasized the importance of being able to realise a service by dynamically 
discovering, selecting, assembling and executing the service logic components. It is also 
crucial, with the user’s move and location change, to be able to dynamically detect and use 
new equivalent service logic components instead of the former ones. It is also necessary 
that the same service logic components can move and change locations. 
 
Furthermore, Jørstad introduces a service continuity layer for the support of service 
continuity, which consists of the following elements: 
 
1. Monitor: A continuously updated “map” of surrounding networks, domains and 
hosts 
2. Handover Manager: High-level service handover 
3. Interoperability Evaluator: Compatibility Matching 
4. Service Composition Module 
5. Input/Output Redirector 
 
Jørstad’s work has brought a new dimension on mobile service architecture by stating that a 
mobile service can be realised by a multitude of assemblage variants based on both pre-
defined and ad-hoc service logic components. Jørstad assumed that there is a consensus on 
the service definition and functionality but there are multiple different implementations and 
components. 
 
In this thesis the researcher adopted the idea that a mobile service can be realised 
dynamically using different components but the assumption of a consensus on service 
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definition is removed. Instead, the researcher introduced a notion of service equivalence, 
which is left to the user to decide. Consequently, the researcher proposed to realise a 
mobile service by selecting and using disparate equivalent services. Moreover, instead of 
introducing a network monitor as proposed by Jørstad the researcher proposed extensions to 
the IEEE 802.21 MIH.   
2.1.3. Mobility management and handover 
In the near future there will be the trends of the user being connected almost everywhere 
and can enjoy whatever services that are available in the network hence making the topic of 
mobility management and handover as the important issues to be handle. 
 
Currently some effort has been done by few organisations in order to ensure the mobility 
and handover between the networks. For example, the 3rd Generation Partnership Project 
(3GPP) has introduced the WLAN interworking [10] which links two or more computers or 
devices using spread-spectrum or Orthogonal Frequency-Division Multiplexing (OFDM) 
modulation technology and enables communication between devices in a limited area. This 
gives users the possibility to move around within a broad coverage area and still be 
connected to the network. Session Initiation Protocol (SIP) [20] which is specified by the 
Internet Engineering Task Force (IETF) in RFC 3261 is a signalling protocol which is 
widely used for controlling multimedia communication sessions such as voice and video 
calls over IP. It is used to establish sessions in an IP network. It has the key signalling 
elements which can turn a voice over IP (VoIP) network into a true IP communications 
network hence contributing to converged services.  
 
IP Multimedia Subsystem (IMS) [21] is an architectural framework introduced by the 
3GPP that supports the delivering of multimedia services in the IP network. It uses the SIP 
to enable easy integration with the Internet. This will help creating a fixed mobile 
convergence (FMC) by having a horizontal control layer that isolates the access network 
from the service layer. This will allow the access of multimedia and voice applications 
from wireless and wired terminals.  
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All of these technologies support the mobility management and handover between the same 
type of networks and their concepts can be studied to be used in the thesis, for example 
methods on discovering new access networks and handover procedures. However the focus 
of mobility management and handover is only on continuous connectivity between 
networks while this thesis is on continuity of services.  
2.1.4. 3GPP Voice Call Continuity (VCC) and GSMA VoLTE 
The 3GPP has conducted studies described in TR 23.806 [22] and has elaborated in TS 
23.206 [23] the specifications of the Voice Call Continuity (VCC) which ensure the 
persistence of a voice call when the mobile phone moves between circuit switched and 
packet switched radio domains. Voice Call Continuity is ensured but only in two well-
known domains where the telephony service is transferred between two known telephony 
applications, namely GSM voice and IMS. 
 
With the emergence of Long Term Evolution (LTE) paving the way for VoIP over all-IP 
mobile networks, it is necessary to ensure the continuity of voice calls when a user moves 
from an LTE coverage area to another without LTE. The GSM Association VoLTE (Voice 
over LTE) initiative endorses the IMS solution specified by 3GPP. VoLGA (over LTE Via 
Generic Access) is ensuring continuity by tunnelling GSM voice over IP. 
 
The focus of all these activities is the seamless switching between circuit switched voice 
and IMS voice, which are two well-defined services provided by mobile operators. This 
thesis extends service continuity over non-standardised services.  
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2.1.5. Telecoms & Internet converged Services & Protocols for Advanced 
Networks (TISPAN) 
Mobility
Service
Continuity
Service
Discontinuity
Seamless
Handover Handover Roaming Portability  
Figure 8 TISPAN’s mobility components 
In their works of defining the European view of the Next Generation Networking (NGN), 
TISPAN has studied all the potential service capabilities and requirements [24] and defined 
the concept of service continuity as a component of mobility [25] as shown in Figure 8. 
 
More specifically, service continuity is defined as “the ability for a user to maintain an 
ongoing service during mobility”.  
 
Although the definition is quite correct TISPAN does associate service continuity to 
handover as shown in the figure above. This is not always correct because handover is a 
necessary but not sufficient condition for service continuity.  
2.1.6. Mobile services 
The W3C Working Group has actively participated in discussing, initiating and producing 
specifications mobile services. The mobile services can either be: 
 
• Web content that can be accessed via mobile 
• Or other services that can be accessed while the user is mobile with the help from 
the mobile agent 
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For the first type of mobile services (which is also known as mobile web) the W3C 
Working Group has introduced XML [26], Resource Description Framework (RDF) [27] 
and OWL [28] as the guidelines for the Service Providers to offer services via mobile web. 
XML which is a mark up language as HTML but it is designed to describe data instead of 
just display them. RDF and RDF Schema describe more meaningful data by having a 
simple semantic and for generalization-hierarchies of properties and classes. OWL provides 
even more meaningful data with additional vocabularies for describing properties and 
classes (e.g. cardinality, equality and symmetry). By having these guidelines it will allow 
the services to be semantically identified through the descriptive data stored in Web-
accessible database or as mark-up within documents and hence let the customer access 
directly the desired page.  
 
Mobile agent on the other hand making use of the Web technologies to locate data 
(services) and as well as to perform meaningful tasks on retrieved data.  
 
The described technologies will be used as fundamentals in this thesis to realize service 
continuity across heterogeneous networks and domains. 
2.2 Service discovery 
2.2.1. Current Service discovery systems 
As mentioned earlier the future mobile environment will consist of multiple heterogeneous 
networks where a service can be anything with any name and offered by anyone including 
the end-users. The ultimate requirement posed on the service discovery systems will be as 
follows: 
The discovery system must be capable of finding the services requested by the user 
no matter what the service name or type is. 
 
By breaking down this requirement into more detailed levels the following requirements are 
deduced: 
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x The service discovery must have an open service name and type format meaning 
that there must not be any restrictions regarding the length of name or the character 
set. 
x The service discovery must have an open service name and type convention 
meaning that there must not be any rules regarding the selection of the name or 
type. 
x The service discovery must have an open administration meaning that there must 
not be a central body that assigns and standardizes service names and service types 
and the service providers are free to choose whatever they like. 
x The service discovery must be efficient and sound meaning that it must be capable 
of finding the requested services in a deterministic amount of time. 
 
Consequently, any service discovery for future mobile environments must fulfill the posted 
requirements. 
 
Let us now consider the current well-known service discovery systems such as Jini [29], 
Universal Plug and Play (UPnP) [30], Salutation [31] and Web Services [32]. All of them 
have one common characteristic which is to have three main components:  Service Client, 
Service Provider and Service Directory or Registry. The Service Client asks the Service 
Discovery for information about services that are provided by Service Providers. 
 
Each of these service discovery schemes has their own way of offering the service to the 
user for e.g. Jini uses a proxy called Service Object to implement the service interface and 
takes care of communication with the remote service. UPnP, on the other hand, will 
automatically announce their network address and supported device and services types once 
they are connected to a network. This will allow the user to recognize those types and 
immediately begin using the device. Salutation uses the Functional Unit (FU) to register 
when a service is available to the Salutation Manager (SLM). When a user asks the SLM to 
provide a particular service it will reply to the request by giving the information on the 
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services that the FU offers. Web Service (WS) has a more structured way of 
introducing/announcing the service via the Universal Description Discovery and Integration 
(UDDI) acting as a Service Broker. The WS Publisher acting as Service Provider can 
register its services at the UDDI which can also actively request for a specific service from 
the UDDI. If the requested service matches with a registered service, the UDDI will send 
the URL to the WS Subscriber so that it can invoke the service.  
 
All these service discovery systems use a rigid convention and format for service names 
and types and rely on exact string matching to discover services. Furthermore, these 
services name conventions and formats are also completely different from each other. 
Consequently a service name or type from one service discovery system cannot be used in 
another one and interoperability is completely impossible. 
 
It is hence possible that the current state-of-the art service discovery systems are not 
satisfying the requirements that the researcher has deduced for the future mobile 
environments and more innovative ones are needed. 
2.2.2. Integrated Semantic Service Discovery – Shanshan Jiang (2006) 
Shanshan Jiang [33] from the Department of Telematics, NTNU has proposed an Integrated 
Semantic Service Discovery which enhances the discovery ability by making use of service 
ontology. The well-known state-of-the art service discovery systems are using only type, 
keyword and attribute matching and limit their discovery only to functional properties. Non 
functional properties are left out. 
 
To remedy the situation Jiang proposed an Integrated Semantic Service Discovery which 
takes into account both the functional and non-functional properties to achieve accurate and 
satisfactory discovery results. Ontologies are defined in the Web Ontology Language, 
OWL [28]. Behavioral semantics are added to WSDL file by associating service 
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functionality related elements with links to OWL-based service ontology. Non-functional 
properties are specified as QoS parameters and rule-based policies comprising business 
policies, QoS policies and context policies. 
 
Jiang’s achievements have brought useful inputs to this work since the use of semantic has 
been proposed to improve the Service Discovery. The researcher adopts the same approach 
in her service discovery in order to enable an open service naming. The Web Ontology 
Language (OWL) has also been used in the specification of non-functional properties. On 
the researcher side she uses OWL to describe equivalent services. However, Jiang focused 
on one limitation of current service discovery, namely the neglect of non-functional service 
properties while the researcher goal is to develop a service discovery which is capable of 
finding services having arbitrary names in any format given by any service provider. 
2.2.3. Other semantic service discovery systems 
Many research efforts have been done on semantic service discovery and lots of research 
initiatives proposed especially on enhancing discovery mechanisms and solve the problem 
of finding the right service to the user in an acceptable time.  
 
Efficient Routing Grounded on Taxonomy (ERGOT) [34] for example, is a semantic-based 
system for service discovery in distributed infrastructures. It is a system that combines 
Distributed Hash Tables (DHTs) [35] and Semantic Overlay Networks (SONs) [36] to 
enable semantic-based service discovery in distributed infrastructures such as Grids and 
Clouds. ERGOT takes advantage of semantic annotations that enrich service specifications 
in two ways whereby the services are advertised in the DHT on the basis of their 
annotations, thus allowing establishing a SON among service providers and annotations 
enable semantic-based service matchmaking, using a novel similarity measure between 
service requests and descriptions. It is built upon three main elements which are a DHT 
protocol - used to advertise semantic service descriptions annotated using concepts from an 
ontology, a SON - which enables the clustering of peers that have semantically similar 
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service descriptions and a measure of semantic similarity among services descriptions - 
which overcomes the exact-term search limitations of DHTs. This measure relies on 
semantic annotations of service descriptions expressed in Semantic Annotated WSDL 
(SAWSDL) and the ranking mechanism is based on semantic similarity.  
 
A novel OWL-S (formerly DAML-S) based semantic service discovery system is proposed 
by Le Duy Ngan et. al [37] for dynamically discovering complex constraint-based services. 
It is based on representing complex service constraints as Semantic Web Rule Language 
(SWRL) rules and using a rule engine for matchmaking and handling dynamism via a real-
time ontology population and reasoning infrastructure. It supports descriptions with 
complex constraints and matching of service providers and requesters dynamically.  
 
UbiSearch is a semantic service discovery network for large-scale ubiquitous computing 
environments [38]. A semantic service discovery network in the semantic vector space is 
proposed where services that are semantically close to each other are mapped to nearby 
positions so that the similar services are registered in a cluster of resolvers. Using this 
mapping technique, the search space for a query is efficiently confined within a minimized 
cluster region while maintaining high accuracy in comparison to the centralized scheme. It 
supports scalable semantic queries with low communication overhead, balanced load 
distribution among resolvers for service registration and query processing and personalised 
semantic matching.  
 
An Ontology-enhanced cloud service discovery system (CSDS) [39] aims to support the 
Cloud users in finding a Cloud service over the Internet. The CSDS interacts with Cloud 
ontology to determine the similarities between and among services. The Cloud Service 
Reasoning Agent (CSRA) determines the relations of Cloud services using three service 
reasoning methods which are similarity reasoning, equivalent reasoning and numerical 
reasoning.  
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Ying Zhang, et al. proposed a hierarchical and chord-based semantic service discovery 
system for the universal network (UniNServ) [40]. It uses OWL-S (Web Ontology 
Language for Services) to describe services and adopts Chord [41] as a distributed lookup 
protocol. Besides, UniNServ uses three types of ontologies to perform automatic semantic 
service discovery with QoS through exploiting the logical relationships within the services. 
The QoS measurements is appended to OWL-S and called as OWL-QoS.  
 
MEMORY [42] is a matrix-based efficient semantic web service (SWS) discovery system 
which does ontological pre-reasoning and holds the reasoning results in matrix forms in 
service publishing phase, so that it can transfer the load of semantic reasoning from service 
query to service publication and perform fast matching during service discovery. SWS 
discovery exploits service semantic metadata to reason on the compatibility and 
functionality information of services. The techniques of SWS discovery can be classified 
into logic based approaches, non-logic based approaches, and hybrid approaches. Logic-
based approach describes services with service description languages such as OWL-S or 
WSMO and does service matching based on ontology reasoning. Non-logic based approach 
uses method without ontology reasoning such as clustering to exploit semantic information 
of service parameters. And hybrid approach combines means of both. It adopts logic based 
approach and accepts services described with OWL-S or SAWSDL. The service 
matchmaking is using a three-phase SWS matching strategy, which includes parameters-
based service filtering, matrix-based functional matching and QoSbased non-functional 
matching. In order to conduct fast matching during service discovery, MEMORY 
prereasons on the semantic information during service publishing and keeps the reasoning 
results in matrix forms.  
 
A layered architecture of semantic service discovery system is proposed by V. Kaewmarin, 
et al. which incorporates a search crawler as a core component for discovering services 
residing on the provider websites [43]. The search crawler can operate in multi-threaded 
environments to enhance the capability of discovering a number of distributed Web 
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services simultaneously, as well as in various UDDI registries. In order to enrich the service 
discovery in a semantic manner, the Web services descriptions returned from the search 
crawlers are thus modelled into a machine-processable representation language such as 
OWL-S. The system conformed to the proposed architecture will provide the flexibility and 
extensibility to accomplish complex Web service requests that meet user-specified 
functional requirements.  
 
A two stages method of semantic service discovery is proposed in [44] whereby the service 
is divided into two classes - core service description registered at core service library (CSL) 
and assistant service which is registered at assistant service library (ASL). The service 
requirement is send to two stages service discovery module by the service requester and the 
module discover target service through two stages: 1) in core service discovery stage - find 
target core service according to similarity of service description between service 
requirement and core service; 2) in assistant service composition stage - form target 
composite service through composing target core service with related assistant services. 
 
Most of the above mentioned semantic service discovery systems main objective is to 
deliver and find the right service for the user in an acceptable time. Thus it has become an 
important factor for an efficient service discovery system but the researcher proposes a 
more comprehensive and novel service discovery system in open mobile environments 
which should fulfil the requirements as stated in Section 2.2.1. In short, the semantic 
service discovery system proposed in this thesis is capable of finding services having 
arbitrary names in any format given by any service provider. 
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3. Description of the work 
This chapter describes the work that has been done during the doctoral study. Summarised 
in the 10 papers published at international conferences the work addresses three main issues 
as follows:- 
x Future mobile services architecture and framework 
x Service continuity 
x Service discovery 
These three issues will now be successively described in the following sections. 
3.1 Future mobile services architecture and framework 
The work described in this section is covered by paper 7. 
Advances in microelectronics and wireless access technologies allow mobile terminals to 
have multiple simultaneous connections to several networks. Unfortunately, this capability 
is not yet fully exploited to provide the users with a better and more reliable set of services 
from multiple networks. Indeed, a mobile terminal, as its name says, is a device terminating 
a network. It is still a device intended for the delivery of services managed by the network 
such as telephony, SMS, MMS, etc. The architecture of the mobile services is rather 
simple. In fact, a mobile service is realised as either a stand-alone application executing the 
mobile phone or the SIM card, or a thin client-server application. Even the complex GSM 
voice telephony service can also be modelled as the client-server. This is achieved by 
omitting the separated switching function in accordance to the Intelligent Networks 
concept2 and focusing only on the service function. Next, a call consisting of two parties A 
and B can be split into two half calls and each half call can finally be modelled as client-
server i.e. consisting of a client and a server part. Consequently, the GSM voice telephony 
                                                 
2 ETSI EN 301 931-4 V1.1.2 (2001-07) Intelligent Network Capability Set 3 (CS3); Intelligent Network 
Application Protocol (INAP);Protocol specification;Part 4: SDLs for SCF-SSF interface 
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service can then be modelled as a client part realised by hardware and firmware on the 
mobile phone and a server part represented by MSC/SCP3 node. 
 
A special variant of the thin client-server model which is commonly used is the “browser 
model” used to access services at web sites. To improve the service offering and the user 
experience the researcher proposes introducing a new service architecture, which allows 
dynamic composition of a service using components from different networks as the user is 
moving. The mobile phone from a peripheral device will become the central device that 
selects not only services but also service components. 
3.1.1. Clarification of the service concept 
 
 
 
 
 
 
 
 
 
 
To avoid confusion it is necessary to have an unambiguous definition of the service concept 
used in this thesis.  
 
Service is a concept which is broadly used by numerous communities and hence quite 
confusing. In this paper, the definition of service is adopted from OASIS Reference Model 
for Service Oriented Architecture [4] as follows: 
 
“A service is a mechanism enabling the end-user’s access to one or more capabilities” 
 
The reason for choosing this definition lies in the fact that it focuses on the user and what 
capabilities or functions he/she can get from the network while the other definitions 
                                                 
3 MSC: Mobile Switching Center – SCP: Service Control Point 
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 Figure 9 A generic service architecture 
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emphasize quite often on the structure and composition of the service. This definition is 
fundamental in this thesis since it paves the way for the realisation of generic services and 
service continuity based on service components developed by different parties but 
perceived as equivalent by the user. Indeed, it is important for the user to have an 
uninterrupted conversation on the phone and it is clearly less important that the call is 
provided by a GSM voice telephony or any arbitrary IP telephony. 
 
In a mobile environment, a service can be conceptually realised by two components. 
 
x A server on the network, which can be both hardware and software and distributed 
over multiple network elements. 
x A client on the user’s device which can be: 
o Generic client such as the Web browser that is capable of collaborating with 
any service server. 
o Specific or dedicated client that could collaborate only with some specific 
service servers. Typical examples are Web applications or in short, Web 
apps. 
 
In this thesis, the focus is only on specific clients and how to provide service continuity on 
these clients. 
3.1.2. Requirements on future mobile services 
A.    Handling of equivalent services 
In a multi-network environment a service can be implemented using different architecture 
and technologies for different network systems resulting in different user interfaces. For 
example, the telephony or voice service can be implemented as GSM voice or an arbitrary 
IP telephone call such as chIPhone. Seen from the user these two services are equivalent 
since they both offer human-to-human voice communication. However, they are currently 
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considered as completely unrelated. When the mobile device is moving connections to the 
network systems are also changing, a service currently in use e.g. GSM voice may no 
longer be available and another one e.g. chIPhone may appear. Unfortunately, the mobile 
device is not aware of the availability of this equivalent service in order to use it. Of course, 
the detection and swapping to the pop up service is not only motivated by the availability 
but also other factors like ease of use, performance, security, price, etc. Furthermore, when 
a service e.g. voice service is ongoing it is desirable that it is not interrupted. Service 
continuity is another required characteristic. Seen from the user it is valuable to be able to 
manage this sort of equivalent services in a uniform and simple way to improve service 
availability and preserve service continuity. 
B.    Providing location-based services 
When travelling, the mobile user will want to have access to the same services such as taxi, 
hotel, restaurant, flight booking, etc. which enable the necessary booking, modification, 
cancellation, etc. when needed. At first glance, the mentioned services look the same 
everywhere but a closer look reveals the opposite. Indeed, when being in Trondheim, the 
user will need to communicate with the Trondheim taxi service and not the one in London. 
It is also desirable that the generic taxi service switches to the right service according to the 
location automatically without the intervention of the user. In fact, it may be sometimes 
difficult for the user to find the taxi service in a country, e.g. China, Cambodia, etc. where a 
different language is used. Seen from the user, it is valuable to seamlessly access the right 
service based on the location.  
C. Offering personalised service 
As a human being, each user will have some preferences related to the services and it will 
be very convenient if these preferences are remembered and dynamically re-applied to 
every equivalent service in use. In addition, the personal data such as personal details, 
address, phone numbers, contact list, etc. should also be shared between all the services. 
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Seen from the user, it is valuable to be able to use the service in a personalised way and 
personal data can be handled at one place.  
3.1.3. A mobile service architecture enhancing availability and supporting 
continuity 
Let us start now with the elaboration of a mobile service architecture enhancing availability 
and supporting continuity. As design tools, the researcher selected simplified versions of 
three diagrams of UML [45] namely collaboration and sequence diagram to capture the 
behavioural aspects of the proposed architecture. Although UML has more diagrams we 
found the three diagrams sufficient for our purpose which is an overall understanding of the 
architecture and not the generation of programming code. For the implementation, since our 
system encompasses several heterogeneous environments we have to consider and develop 
codes for multiple SDKs (Software Development Kit).  
 
When the user is moving the service A as shown in Figure 10 currently in use may cease to 
be available. Fortunately, a service B which is perceived as equivalent to service A by the 
user is emerging. The user will probably want to use service B instead of service A and the 
replacement should preferably be carried out in smooth and seamless way. Until now this is 
not possible since the two services are considered as completely different and there is no 
mechanism enabling the service transfer. 
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Figure 10 Services in a mobile environments 
To enhance the service availability and continuity, the researcher proposed to introduce a 
new entity called Generic Service on the user’s device as shown in Figure 11. The Generic 
Service is equipped with a user interface that enables receiving commands from the user 
and to generate output. The Generic Service can be implemented as a native application for 
iOS4, J2ME, Android, etc. or as a Web application, which can be downloaded and installed 
by the user. When the user dials and initiates a call on the Generic Service depending on 
their availability either service A or service B will be invoked. In Paper 8, the proposed 
solution is to let the Generic Service invoke directly Service A Client or Service B Client. 
This requires that the Generic Service must have sufficient knowledge to interact with 
Service A or Service B, which could be a limitation. To remove this limitation an enhanced 
architecture is proposed in this section. Two objects, namely Continuity Agent on the 
user’s device and Continuity Server on the network system side are introduced to assist 
the Generic Service in interacting with Service A and Service B.   
 
In this solution, no direct interaction between the Generic Service and the Service Client is 
required. The Generic Service is a very light software client with the main role of 
communicating with the user.  No requirement is put on the Service A or Service B. 
                                                 
4 Apple iOS formally iPhone OS is the operating system of iPhone 
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Figure 11 A Service Continuity architecture 
Now, the challenge is to know when and how to switch between service A and service B. 
Again, the Continuity Agent is used to assist the Generic Service in the switching process 
between services. It will perform the necessary initialisation and configuration such that the 
replacing service can continue from the point the former service stops. In the case where a 
new service client is required on the mobile phone, the Continuity Agent should also be 
capable of downloading, installing and initiating this new client. The Continuity Agent gets 
assistance from the Continuity Server on the network system to carry out seamless 
transfer of synchronous services like telephony. The Continuity Server is a media server 
realized by the Snowshore server, now called Dialogic IP Media Server [13]. This is used 
to create and bridge multiple RTP media streams. For operability between the GSM 
network and the IP network, a Gateway has to be introduced to convert the signalling 
between SIP and SS/7 and to transcode the media streams traversing the IP network and the 
IP network. 
 
Description of the work 
 
50 
 
The Continuity Server needs assistance to find dynamically the available services at every 
place. An entity called Service Discovery Agent is introduced to perform the discovery of 
available services in collaboration with an entity called Service Infobase in the network 
system. The Service Infobase is a service registry that contains information about all the 
services available at a location. It has also capabilities to provide a complete list of 
available services to carry out matchmaking to find the specific services requested by the 
Service Discovery Agent. The service information stored in the Service Infobase should 
include details about service equivalence as specified in [46] which allows the discovery of 
equivalent services. The Service Infobase is also equipped with an open interface enabling 
all the service providers, including the end-users to register the services they are providing. 
The Service Infobase provides also an Event service that the Service Discovery Agent can 
subscribe to receive notification when networks and services emerge due to the user’s 
mobility. The Service Infobase can also be realised as an extension of the IEEE 802.21 
MIH and more details will be given in later sections. 
 
At service switching, to avoid cumbersome repetition, it is convenient for the user if the 
preference settings and personal data can be shared among the equivalent services. For that 
the Profile Agent is introduced to store and administer the user profile. It has interface 
allowing the Continuity Agent to fetch the necessary data to configure the service and to 
save all the changes done by the user when using the services. 
 
The proposed architecture as shown in Figure 11 is a high level functional architecture 
which enhances availability and continuity for both asynchronous mobile services like Web 
browsing, messaging, chat, etc. and synchronous mobile services like telephony. It is worth 
noting that Figure 11 depicts a high level architecture and all the detailed interactions are 
omitted for clarity sake. In the next section, the proposed architecture will be elaborated 
further and more details will be added to show the support for a typical synchronous 
service, namely telephony. 
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Service continuity support for telephony  
Let us now consider telephony which it is most popular synchronous service. A Generic 
Telephony service is introduced to offer a unified and continuous voice communication 
service. In order to identify interfaces and operations for the Generic Telephony service and 
for other continuity entities like Continuity Agent, Continuity Server, Profile Agent, etc. 
the sequence diagram for the service transfer is elaborated. 
 
The whole service transfer process for A-party is illustrated in Figure 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. The user A communicates with the Service Manager to create a Generic Telephony 
service, which incorporates both GSM voice service or chIPhone, a SIP-based IP 
telephony service. The GSM voice client is factory installed at while chIPhone is 
downloaded and installed by the user. 
 
Figure 12 Sequence diagram for the service transfer process – A party 
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2. The user A dials a number on the Generic Telephony service at a place where only 
GSM voice is available. The Generic Telephony service sends a call request to the 
Continuity Agent.  
3. The Continuity Agent forwards the call request to the Continuity Server. 
4. The Continuity Server establishes a media stream between the GSM voice client and B-
party enabling a conversation between them. This is done by sending INVITE message 
towards the GSM/PSTN networks via Media Gateway, which converts SIP into SS7. It 
is worth noting that in this context the Media Gateway to GSM can be considered as the 
GSM voice server part. For simplicity sake the Media Gateway is not shown on the 
sequence diagram. 
5. The user A is moving to a place where there is WLAN network offering an IP 
telephony service. The Service Infobase sends notification to the Service Discovery 
Agent. 
6. The Service Discovery Agent requests the list of services demanding availability and 
continuity from the Continuity Agent, which contains GSM voice and chIPhone. 
7. The Service Discovery Agent requests the Service Infobase to find all the available 
services that are equivalent to GSM voice and chIPhone. 
8. The Service Infobase carries out the service discovery and matchmaking, and returns to 
the Service Discovery Agent a list containing a service sIPhone, which is SIP-based 
telephony and equivalent to chIPhone. 
9. The Service Discovery Agent hands the list of available services over to the Continuity 
Agent for the initiation of the service transfer. 
10. Since the chIPhone client is already a SIP client, the Continuity Agent does not have to 
download and install any SIP client but only initialize the chIPhone client. The 
Continuity Agent requests the Continuity Server to start the service transfer.  
11. The Continuity Server forks the current session between a B-party and the GSM voice 
client and creates a new call leg towards the chIPhone client. 
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12. When the chIPhone client is ready and running the Continuity Agent terminates the call 
leg with the GSM voice client. This is a typical soft handover since there is a short 
overlapping period where both clients are operating.  
 
For B-party the service transfer is realised by the same continuity entities i.e. Generic 
Telephony Service, Continuity Agent, Continuity Server, Profile Agent, etc. It is worth 
noting that A-party and B-party are symmetrical i.e. have the same capabilities because 
both parties should be able to make and receive calls. 
 
The whole service transfer process for B-party is illustrated in Figure 13. 
 
Figure 13 Sequence diagram for the service transfer process – B party 
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Assume that user B is engaged in a telephone conversation using an IP telephony service 
called IPphone. It is worth noting that a corresponding process will apply for the case of 
GSM voice service or other IP telephony services. 
 
1. The user B is moving to a place where there is no WLAN network  The Service Infobase 
sends notification to the Service Discovery Agent. 
2. The Service Discovery Agent requests the list of services demanding availability and 
continuity from the Continuity Agent, which contains IPphone. 
3. The Service Discovery Agent requests the Service Infobase to find all the available 
services that are equivalent to IPphone. 
4. The Service Infobase carries out the service discovery and matchmaking, and returns to 
the Service Discovery Agent a list containing only GSM voice service. 
5. The Service Discovery Agent hands the list of available services over to the Continuity 
Agent for the initiation of the service transfer. 
6. Since the GSM voice client is inherently installed in the mobile phone, the Continuity 
Agent does not have to perform any installation. The Continuity Agent requests the 
Continuity Server to start the service transfer.  
7. The Continuity Server forks the current session between a A-party and the IPphone client 
and creates a new call leg towards the GSM voice service client. 
8. When the GSM voice client is ready and running the Continuity Agent terminates the 
call leg with the IPphone client. 
3.1.4. Implementation and verification of service continuity 
A proof-of-concept prototype demonstrating the proposed service continuity architecture is 
successfully developed and implemented using web-service and mobile phone technology. 
It will be further discussed in Section 3.3.4 and 3.3.5. 
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The Continuity Server is realised by the Voice server implemented by the EUREKA 
Mobicome5 project [12], which is focusing on providing service continuity across multiple 
devices. For example, the user is talking to the mobile phone while walking to his office. 
When arriving at his office, he transfers the call to his multimedia PC and continues the 
conversation while taking notes since he does not have to hold the phone anymore. The 
Voice server, later renamed to Media server is realized by the Snowshore server, currently 
called Dialogic IP Media Server which is capable of creating and bridging multiple RTP 
media streams and hence enables the establishment of a new calling leg without disrupting 
the call. The Dialogic IP Media Server is connected to the PSTN and GSM networks via 
Media Gateway which converts the SIP signaling to SS7 and RTP streams into TDM (Time 
Division Multiplexing) streams. It is worth noting that transferring a call from GSM voice 
client on one device to an IP telephony client on another device is conceptually similar to 
transferring a call from a GSM voice client to an IP telephony client residing on a same 
device. However, the latter case is not yet implemented due to the unavailability of open 
source IP telephony client at the time this thesis work was carried out. 
 
A simplified version of the Service Infobase supporting the discovery of equivalent 
services in different languages has been successfully implemented [18]. In addition, the 
discovery of partially matched services; i.e. services satisfying only a subset of the 
functionality has been realised. 
5 The EUREKA Mobicome project (2007-2010) is aiming at providing fixed-mobile convergent IMS environment with the 
participation of Telenor, Telefonica, Ericsson, Huawei, Linus, Ubisafe, HiQ, Oslo University College, Polytechnical University of 
Madrid  and Blekinge Institute of Technology 
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The development of entities on the mobile device is carried out on Android [47], which is a 
software stack for mobile devices that includes an operating system, middleware and key 
applications. As shown in Figure 14 the service continuity entities are introduced as 
applications. The Generic Phone will switch via the Continuity Agent between the native 
Phone application and chIPhone, a SIP client. The Profile Agent will communicate with the 
native Contacts application to provide proper configuration and contacts for Phone and 
chIPhone.  
3.2 Service continuity  
The work described in this section is covered by paper 1 and 8. 
Service continuity is defined as “the ability for a user to maintain an ongoing service during 
mobility”. As stated in the previous section service continuity is a central element for future 
mobile services. This section provides an analysis of service continuity and proposes a 
 
 
LINUX KERNEL 
LBRARIES ANDROID  RUNTIME 
APPLICATION   FRAMEWORK 
APPLICATIONS   
Home Contacts Phone Browser 
Continuity Agent Profile Agent Service Disc Agent 
Generic Phone Service Adm. chIPhone 
Figure 14 A Service Continuity implementation on Android 
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realisation of service continuity by extending the IEEE 802.21 Media Independent 
Handover (MIH) Services. 
3.2.1. Analysis of service continuity 
A future mobile service will be realised by several equivalent implementation alternatives 
using different technologies and having different service components. When the mobile 
device is moving it might be necessary to change the implementation alternative and its 
components due to different reasons such as air link availability, service implementation 
availability, quality of service, security, pricing, etc. 
 
An example of service change is the case of telephony service which is realised first by 
GSM telephony and then IP telephony. To ensure service continuity, it is necessary that a 
change of service implementations is carried out in addition to a change of connected links. 
 
More generally, the following statements can be formulated: 
 
• A mobile service can be realised by one or more service implementations 
• A service implementation consists of one or more service components 
• Service continuity is ensured by both a change of connection links and a 
replacement of one service implementations with another one 
 
From the statements three cases were derived which are: 
 
• Case 1: Change of links only (see Figure 15) 
• Case 2: Change of links and service logic components in the network (see 
Figure 16) 
• Case 3: Change of links and service logic components both in the client and 
network (see Figure 17) 
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Figure 15 Case 1: Change of links only (User moves to a new network connection 
without changing the existing mobile service logic components) 
Figure 16 Case 2: Change of links and service logic components in the network (User moves to 
a new network connection which has different equivalent service logic components) 
Description of the work 
 
59 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17 Case 3: Change of links and service logic components both in the client and network (User moves to a 
new network connection which has different equivalent service logic components and change the mobile service 
logic components) 
 
As depicted from the figures above, the user can still enjoy the service (in this example, a 
telephony service) provided that it is realised by the equivalent service logic components in 
both the mobile and the network side. 
 
In order to support service continuity, the future mobile service environment must support 
the dynamic service composition, i.e. allowing a service to be composed dynamically by 
equivalent service logic components. Indeed, there is a need to ensure that the realisation of 
the service can be done by dynamically discovering, selecting, assembling and executing 
the service logic components. In order to realise the service, there is a need for information 
about service components such that identification and matching of service components can 
be done. 
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To determine the semantic equivalence of two services and the semantic equivalence of the 
service components, there must be a precise definition of services, service components and 
service ontology. As explained in [48], the semantic equivalence of two services S1 and S2 
is determined by: 
 
1. Semantic equivalence of the service concept 
2. Semantic equivalence of the interfaces 
 
And in this example S1 SE S2 which states that S1 is semantically equivalent to S2. 
Finally to use the service components, the syntactic properties of the services should also 
be determined. 
3.2.2. Realisation of service continuity by extending the IEEE 802.21 
A. Short introduction about the IEEE 802.21 Media Independent Handover 
Function (MIHF) 
Seamless handover in a horizontal network (i.e. change from one Base Station to another 
one Base Station in GSM network telephony) is a well-known technology. Seamless 
handover in heterogeneous network (i.e. changing from GSM network to WLAN) is a more 
challenging issue since it requires continuous scanning of a broad spectrum of frequencies 
using different coding schemes, which is very power consuming. 
 
With the introduction of IEEE 802.21 Media Independent Handover Function (MIHF), the 
mobile device can perform handover while consuming minimum energy. Its interface, 
Service Access Points (SAPs) enables the mobile device to have continuous access to the 
network. Information about neighboring networks is shared through the MIHF, a shim layer 
in the mobility-management protocol stack of both the mobile node and the network 
elements. It helps mobile device to discover, characterize and select a network within their 
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current neighborhoods by exchanging information and defining commands and events to 
assist in the handover decision making process. 
 
Unfortunately, seamless handover is not sufficient to ensure service continuity because in 
many cases, due to mobility not only the connection link must be changed but also the 
components realising a service. To give adequate assistance to the dynamic composition of 
a service there is a need for extensions in the MIHF. 
 
Figure 18 shows the components of MIH and how its function. 
 
 
 
 
 
 
 
 
 
 
 
 
 
The MIHF consists of three major services as follows: 
 
• Media Independent Event Service (MIES): consists of functions to detect events 
and deliver triggers from local and remote interfaces to the upper layers 
• Media Independent Command Service (MICS): consists of functions to provide a 
set of commands for MIHF users to control handover relevant link states 
Figure 18 IEEE 802.21 MIH Architecture 
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• Media Independent Information Service (MIIS): consists of functions to provide 
details on the characteristics and services provided by the securing and surrounding 
network 
 
To illustrate the role of IEEE 802.21 in handover let us consider the case when the mobile 
phone is moving from a GSM network to WLAN. 
 
Currently without the MIH function, there is no way that the mobile device can detect 
WLAN coverage because the WLAN interface is usually disabled due to battery drain. To 
use WLAN, the user has to switch the interface on. No service continuity is supported. 
 
With the IEEE 802.21 the mobile device will have continuous access to the MIH function 
via a SAP on the GSM network. When entering a WLAN area the MIIS will detect it. The 
MIES will be used to send an event MIH_Link_Detected to the upper layers on the mobile 
terminal e.g. Mobility manager, which can turn on the WLAN interface. 
 
The Mobility manager can also issue the command MIH_MN_HO_Candidate_Query to 
obtain handover related information about possible candidate networks. It can then make 
the MIH_MN_HO_Commit to notify the network that a candidate. Thereafter, it can initiate 
the handover by performing the necessary signaling. When handover is completed, the 
mobility manager will issue a MIH_MN_HO_Complete to indicate the handover has been 
completed. 
 
 
 
 
 
 
 
Description of the work 
 
63 
 
The handover process is as illustrated in Figure 19. 
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Figure 19 Handover process with IEEE 802.21 Information Service 
B. Limitations of the 802.21 MIH 
As described in the previous section, the 802.21 Media Independent Handover Function 
(MIHF) does successfully support handover between heterogeneous access networks that 
are incorporated in the same core network as specified by 3GPP in [10]. The access 
networks may belong to the same network operators or different ones. Service continuity is 
obtained with a link through the new access network. 
 
It is worth noting that the necessary condition for success is that the same service 
implementation is used across all heterogeneous access networks. In the previous example, 
GSM telephony service is used both in the mobile access networks and in the WLAN 
network. 
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It is more challenging to realise service continuity when the mobile phone is moving from a 
GSM coverage area into a WLAN area which belongs to an IP network operator and does 
not have any connection to the 3G network. The GSM telephony service is not available in 
such area but there is an IP telephony service. Even with the assistance of the MIHF, i.e. 
detection of the WLAN access network, it is not possible to carry out handover because 
there is no way the mobile phone can perform the necessary signalling to establish a new 
link to transport the GSM voice traffic. Service continuity cannot be ensured in this way. 
 
The implementation of service continuity for the telephony service in this case requires not 
only a link change but also the change of the telephony service from GSM telephony 
service to IP telephony service. To enable a fast “service handover” the following tasks 
must be accomplished: 
 
• Service discovery 
• Service matching 
• Initiation of the service client of the mobile terminal 
• Registration of the service client to the service server 
• Signalling and establishment of new links 
• Service switching 
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Figure 20 Handover between GSM telephony and IP telephony 
 
The service discovery can, of course be carried out by the mobile terminal but will be more 
efficient with the assistance of the 802.21 MIHF; something which is not done today. To 
elucidate the limitation of the 802.21 MIHF let us consider again the situation of the mobile 
phone moving from the mobile access network to a WLAN area belonging to an IP network 
operator.  
 
When the mobile phone moves in the WLAN coverage area, the MIIS will detect it. The 
MIES will be used to send an event MIH_Link_Detected to the upper layers on the mobile 
terminal. The service continuity server can ask for a list of services available in the area 
which includes the IP telephony service. The service continuity server can perform a 
service matching and find that the IP telephony service is of type telephony and is 
equivalent to the GSM telephony service. It is hence possible to do a service handover. 
 
The service continuity server can then initialize the IP telephony client on the mobile 
terminal. The IP telephony will then proceed with the registration to the SIP server and 
carry out the necessary signalling to establish a new voice link. To complete the service 
handover the GSM voice link will be terminated. 
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C. Proposed extensions to the MIH handover procedure 
In order to implement the extension necessary for the support of service continuity in the 
case of handover between two different but equivalent service let us consider the Mobile-
initiated handover procedure and identify the steps where addition or modifications are to 
be done. 
 
The Mobile-initiated Handover Procedure operates as follows: 
 
• Step 1: Mobile Node is connected to the serving network via Current Point of 
Service (PoS) and it has access to MIH Information Server. 
• Step 2: Mobile Node queries information about neighboring networks by sending 
the MIH_Get_Information request to Information Server. Information Server 
responds with MIH_Get_Information response. This information query may be 
attempted as soon as Mobile Node is first attached to the network. 
• Step 3: Mobile Node triggers a mobile-initiated handover by sending 
MIH_MN_HO_Candidate_Query request to Serving PoS. This request queries 
information of potential candidate networks. It includes queries on QoS resources 
and/or IP address configuration method supported in the candidate networks. 
• Step 4: Serving PoS queries the availability of resources at the candidate networks 
by sending MIH_N2N_HO_Query Resources request to one or multiple Candidate 
PoSs. 
• Step 5: Candidate PoSs respond with MIH_N2N_HO_Query_Resources response 
and Serving PoS notifies the Mobile Node of the resulting resource availability at 
the candidate networks through MIH_MN_HO_Candidate_Query response. 
• Step 6: Mobile Node decides the target of the handover and requests resource 
preparation by sending the MIH_MN_HO_Commit request to Serving PoS. 
• Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to 
request resource preparation at the target network. Target PoS responds the result of 
the resource preparation by MIH_N2N_HO_Commit response. 
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• Step 8: When the resource is successfully prepared, Serving PoS sends 
MIH_MN_HO_Commit response to Mobile Node. 
• Step 9: New layer 2 connection is established and a certain mobility management 
protocol procedures are carried out between Mobile Node and target network. 
• Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. 
Target PoS sends MIH_MN_HO_Complete request to previous Serving PoS to 
release resource which was allocated to Mobile Node. After identifying that 
resource is successfully released, Target PoS may send MIH_MN_HO_Complete 
response to Mobile Node.  
 
To support service continuity the following extensions are proposed: 
 
Step 3: Extension is needed in step 3 if the Mobile Node is looking for a particular set of 
services and the candidate networks must support them. 
 
The primitive MIH_MN_HO_Candidate_Query request has to be modified to 
accommodate service information, which constitutes one of the criteria for identifying 
candidate networks. We propose to introduce an additional parameter called 
QueryServiceList as follows: 
 
MIH_MN_HO_Candidate_Query.request ( 
      DestinationIdentifier, 
      CurrentLinkIdentifier, 
      CandidateLinkList, 
      QueryResourceList, 
      IPConfigurationMethods, 
      DHCPServerAddress, 
      FAAddress, 
      AccessRouterAddress, 
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      QueryServiceList, 
      ) 
 
The parameter QueryServiceList is the list of services that the Mobile Node is requesting. It 
has a type LIST(SERVICE) which contains 0 or more services. The data type SERVICE is 
defined as shown in TABLE 3. 
 
Table 3 Definition of data type SERVICE 
Data type name Derived from Definition 
SERVICE 
SEQUENCE( 
SERVICE_NAME, 
SERVICE_TYPE, 
SERVICE_PARENT_TYPE, 
SERVICE_EQUIVALENCE_
CLASS, 
SERVICE_KEWORDS, 
SERVICE_DESCRIPTION 
) 
A type to represent a list of service 
in the access network. 
SERVICE_NAME OCTET_STRING 
A type to represent a service name. 
A non-NULL terminated string 
whose length shall not exceed 253 
octets. 
SERVICE_TYPE OCTET_STRING 
A type to represent in which 
category the service belongs to. A 
non-NULL terminated string whose 
length shall not exceed 253 octets. 
SERVICE_PARE
NT_TYPE 
OCTET_STRING 
A type to represent ParentType of a 
service. A non-NULL terminated 
string whose length shall not 
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exceed 253 octets. 
SERVICE_EQUI
VALENCE_CLAS
S 
OCTET_STRING 
A type to represent equivalence 
services (any EquivalenceClass of 
the service defined by the Service 
Provider; it can also be service with 
the same ParentType). The value is 
a non-NULL terminated string 
whose length shall not exceed 253 
octets. 
SERVICE_KEYW
ORDS 
OCTET_STRING 
A type to represent keywords of a 
service. The value is a non-NULL 
terminated string whose length 
shall not exceed 253 octets. 
SERVICE_DESC
RIPTION 
OCTET_STRING 
A type to represent the description 
of a service. A non-NULL 
terminated string whose length 
shall not exceed 253 octets. 
 
SERVICE_NAME identifies a service instance. A service instance has a unique 
SERVICE_NAME but a SERVICE_NAME may be given to several service instances. In a 
future mobile environment where anybody can be a service provider and a service can be 
anything a SERVICE_NAME will not be standardized and the same name can be used by 
multiple service providers to denote multiple different services [46]. 
SERVICE_TYPE identifies the type of the service. As for SERVICE_NAME the 
SERVICE_TYPE can be ambiguous in a future mobile environment. 
SERVICE_PARENT_TYPE identifies parent service type that the current service type is 
derived from. The SERVICE_PARENT_TYPE is necessary in the service matching when a 
partial match, i.e. only a subset of features is required [49]. 
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SERVICE_EQUIVALENCE_CLASS identifies the equivalence class that the service type 
belongs to. This identifier is necessary to enable the usage of multiple languages to denote a 
service. 
SERVICE_KEYWORDS contains attributes that help narrow the scope of the service 
matching. 
The SERVICE_DESCRIPTION contains information needed to use the service. 
 
Step 4: It is necessary to modify the primitive MIH_N2N_HO_Query_Resources request to 
accommodate service information. The researcher proposed to introduce an additional 
parameter called ServiceRequirements as follows: 
 
 MIH_N2N_HO_Candidate_Query.request ( 
                DestinationIdentifier, 
                QoSResourceRequirements, 
                IPConfigurationMethods, 
                DHCPServerAddress, 
                FAAddress, 
                AccessRouterAddress, 
                CandidateLinkList, 
                ServiceRequirements, 
                ) 
 
The parameter ServiceRequirements is the service requirements that the Mobile Node is 
requesting. It has a type LIST(SERVICE) which contains 0 or more services. 
 
Step 5: In this step the list of candidate networks will be returned by Candidate PoS with 
the primitive MIH_N2N_HO_Query_Resources response and forwarded to the Mobile 
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Node through the primitive MIH_MN_HO_Candidate_Query response. No modification is 
required for these two primitives but in order to compile the candidate list the Candidate 
PoSs will have to carry out a service discovery and matching in addition to the standard 
resource query. 
 
Step 6: To select the target network for handover, the Mobile Node must choose the most 
appropriate available services and requests resource preparation by sending the 
MIH_MN_HO_Commit request to Serving PoS. In addition to resource preparation, 
appropriate actions must be carried out on the network side to perform the service transfer 
to replace current service instance with new equivalent service instance. 
 
The primitive MIH_MN_HO_Commit request must be extended with an additional 
parameter TargetServiceInfo as follows: 
 
MIH_MN_HO_Commit.request ( 
   DestinationIdentifier, 
                 LinkType, 
                 TargetNetworkInfo, 
                 TargetServiceInfo, 
                 ) 
 
The parameter TargetServiceInfo has LIST(SERVICE) as type and contains the names of 
services to be prepared for the handover. 
 
Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to request 
resource preparation at the target network. 
Description of the work 
 
72 
 
The primitive has to be extended with an additional parameter RequestedServiceSet of 
LIST(SERVICE) type which indicates the services that needs to be prepared for handover 
as follows: 
 
MIH_N2N_HO_Commit.request ( 
                  DestinationIdentifier, 
                  MNIdentifier, 
                  TargetMNLinkIdentifier, 
                  TargetPoA, 
       RequestedResourceSet, 
       RequestedServiceSet, 
                  ) 
 
Target PoS responds the result of the resource preparation by MIH_N2N_HO_Commit 
response, which is extended with the parameter AssignedServiceSet of LIST(SERVICE) 
type as follows: 
 
MIH_N2N_HO_Commit.response ( 
                     DestinationIdentifier, 
                     Status, 
                     MNIdentifier, 
          TargetLinkIdentifier, 
          AssignedResourceSet, 
                     AssignedServiceSet, 
                     ) 
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Step 8: When the resource is successfully prepared, Serving PoS sends 
MIH_MN_HO_Commit response to Mobile Node. The primitive 
MIH_MN_HO_Commit.response is also extended with an additional parameter called 
TargetServiceInfo of LIST(SERVICE) type as follows: 
 
MIH_MN_HO_Commit.response ( 
                   DestinationIdentifier, 
                   Status, 
                   LinkType, 
                   TargetServiceInfo, 
                   ) 
 
Step 9: New layer 2 connection is established and a certain mobility management protocol 
procedures are carried out between Mobile Node and target network. In addition to these 
standard procedures for the MIH, we propose to perform also service transfer procedures to 
ensure service continuity. 
 
Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. Target 
PoS sends MIH_N2N_HO_Complete request to previous Serving PoS to release resource 
which was allocated to Mobile Node. After identifying that resource is successfully 
released, Target PoS may send MIH_MN_HO_Complete response to Mobile Node. In 
addition to the release of radio resources, it may also be necessary to release service 
resources. 
 
To enable service continuity, the Media Independent Command Service (MICS) must 
accommodate the modified commands as described above. 
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D. Proposed extension to the MIIS 
The Media Independent Information Service (MIIS) provides a framework and 
corresponding mechanisms by which an MIHF entity can discover and obtain network 
information existing within a geographical area to facilitate handovers. To ensure service 
continuity, it is also necessary with extensions in the MIIS as proposed in Paper 1 [50]. 
More specifically, new Information Elements (IEs) containing service information must be 
added to the standard set as follows: 
 
• IE_NET_SERVICES is introduced in the Access Network Container which 
contains information about services supported by the access network. This element 
is used when the network is offering the same services at every PoAs. If the network 
does provide different services at different PoAs, this information element must be 
left empty. When encountering an empty IE_NET_SERVICES the service 
discovery will have to proceed to the respective PoA container to carry out the 
service matching. 
• IE_POA_SERVICES is introduced in the PoA Container which contains 
information on services supported at the PoA. For networks offering the same 
services at all the PoAs, this element must be empty since the information about the 
services is already specified at the network level. 
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Figure 21 depicts the example on how the new service information is included in the 
Information Elements. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
IE_POA_SERVICE S= 
IE_NET_SERVICES = 
Figure 21 Information elements with service information 
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3.3 Service discovery 
The work described in this section is covered by paper 2, 3, 4, 5, 6, 9 and 10. 
One of the fundamental elements necessary for future mobile services is the service 
discovery. Indeed, with the plurality of networks offering a large variety of services mobile 
devices need to have a sound and efficient service discovery, which enables fast discovery 
and consumption of services. In this section, service discovery intended for future mobile 
environment is proposed.   
3.3.1. Requirements on the future service discovery 
From the scenario of future mobile environment where the mobile device can be connected 
simultaneously to several network systems offering heterogeneous sets of services using 
different names, the requirements on the future service discovery are deduced and analysed.  
The problems and conflicting needs are also identified. 
 
1. A service in future ubiquitous communication system can be anything. This leads to a 
large variety of names, which makes the limitations in number of digits or in types of 
characters quite difficult or almost impossible. The consequence is the situation where 
the same name or word can have several meanings and denote different services. 
Ambiguity and confusion are hence introduced. Thus, the service discovery must be 
capable of handling different services with same names without confusion. 
2. A service can be introduced by anybody at any time. The result is that not all services 
can be standardized as in current service discovery systems where a service is well 
specified and has a uniquely defined name. Another consequence is that the same 
service can be given different names by different service providers. Since there is no 
regulation about a service definition, a service may be close to another one but not 
100% similar. There are two cases as follows: 
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• Service A contains similar feature elements with Service B but has also different 
elements as shown in Figure 22 - 1). The intersection of A and B is not empty and 
different from both A and B. 
a b 
aŀb  Ø  a  b 
a 
b 
aŀb = a 
1) 2) 
 
Figure 22 Relations between services 
• Service A is a subset of Service B as shown in Figure 22 – 2) since all the elements 
of A are also elements of B. 
 
A service can have several names and they can be in other languages than English, e.g. 
Norwegian, Chinese, Urdu, etc. Hence, the service discovery must be capable of 
services with multiple names in multiple languages and must allow the introduction of 
any service anytime by anybody. 
3. In a mobile environment, services must be discovered very fast which means that the 
service discovery must be very efficient. Hence, this calls for shorter service name.  
4. It is crucial not to misunderstand about a service or to confuse one service with another 
one. Hence, the service discovery must be error-free. This calls for longer service name, 
which is in conflict with requirement 3. 
5. All the services available in an area must be discovered. Hence, the service discovery 
must be sound. 
6. It is also essential to be able to verify that a service is offering what it announces. Thus, 
it must be possible to extend the service discovery with verification functions. 
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7. It is also essential to be able to conclude that a service is trustful. Therefore, it must be 
possible to extend the service discovery with security functions to validate a service. 
8. The user must be able to move everywhere in the world. Thus, the service discovery 
must be capable of functioning ubiquitously. 
9. Since there are currently many services and service discovery systems, it is important to 
ensure interoperability. Hence, the service discovery must be capable of discovering 
current existing services and operating with existing service discovery systems. 
More details about future service discovery requirements can be found in Paper 3 [46].  
3.3.2. Service naming 
One of major components of the service discovery is the service naming, which has to be 
sound. 
 
In the near future, multiple connections can be established simultaneously and the mobile 
device will have access to a wider range of services. The challenge for the mobile device is 
then to discover the services, figure out their functions, select the desired services, acquire 
their protocols, syntax and formats and finally invoke the desired services. In other words, 
the mobile device must know what a service with the name “A” is offering. This could be 
quite difficult and time consuming when multiple heterogeneous network systems with 
different concepts and conventions are involved. In fact, the process can be indeterministic 
and unable to accomplish. It is hence crucial to have a sound service naming scheme.  
 
A. Service naming policy 
The high-level requirements on the service naming schemes are as follows: 
 
1. The service naming must allow fast service discovery: when the mobile device moves 
from one area to another one, it should be offered the possibility to discover new 
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services quite quickly in order to replace the service currently in use before they 
disappear. 
2. A service name shall uniquely identify a service: once a name is registered for a 
service in a particular domain, there will not be any similar name to that service unless 
if it is under other administrative domain.  
3. A service name shall be comprehensive and give an indication about the services’ 
purposes and functions: from the service name anybody should be able to guess what 
the service is offering. 
4. A service name shall be sufficiently simple to allow a fast service matching: the service 
matching here means the result of comparisons between the user requirements and the 
service availability, which occurs after the services are discovered. So, to offer service 
continuity to a mobile user who is in a changing environment it is crucial to have fast 
service matching which again requires simple service names. 
5. It shall be possible to assign several names to a service in different languages: in a 
global environment with multiple cultures and languages, it is necessary to support 
service names in different languages. 
6. It shall be possible to introduce aliases for a service: the reason for having aliases is to 
provide for transparency [51]. By having aliases it will help to identify the service 
function and makes the name easier to promote and remember. It also facilitates 
transfer of the service to different infrastructure whenever required. 
7. It shall be possible to use a short name for a service: as the service naming is used to 
uniquely identify and addressed the service, hence a long name might be confusing and 
error prone. So it is possible to use a short name for a service. As an example explained 
in Unmanaged Internet Architecture (UIA) [52], the name work-pc can be used instead 
of using long globally unique names like work-pc.nor.item.ntnu.no as was used in 
DNS. However, in order to do that, the name should be identical to others in its own 
administrative domain.  
8. It shall be possible and simple to introduce new services: as the services are 
uncountable in numbers and there can be new services introduced every day, the 
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services need hence to learn about each other dynamically and cooperatively so the 
service naming should allow for introducing new services and it should be simple. 
9. The service name scheme should be distributed and should allow more service 
providers to introduce any new service: there will always be multiple service providers 
who introduce new services in an uncoordinated way and the service name scheme 
should be able to cope with this. 
10. The service naming scheme should be flexible and interoperable with existing service 
naming schemes: since there will always exist other service naming, it is desirable that 
the new service naming can interoperate with them. 
 
B. Service naming for future mobile services 
The proposed service naming scheme must fulfill the requirements specified above as 
follows: 
 
1. The service naming must allow fast service discovery: 
• This means that the service name must be as short as possible. We propose to use 
the commonly known noun of a service as its name. For example, the service to find 
and book a restaurant is simply named “restaurant”. 
2. A service name shall uniquely identify a service: 
• In order to avoid name collision, each service name should uniquely identify a 
service. Unfortunately, a short name as specified in the previous bullet may not be 
sufficient to uniquely identify a service because a noun may have different meaning 
in different context. For example, the word pen has five meanings: 
 
o Pen – a writing implement with a point from which ink flows 
o Pen – an enclosure for confining livestock 
o Playpen, pen – a portable enclosure in which babies may be left to play 
o Penitentiary, pen – a correctional institution for those convicted of major crimes 
o Pen – female swan 
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• Consequently, it must be possible to expand the short name to a more composite or 
complete name, which uniquely identifies the service. It is necessary to have 
hierarchical structure, which allows gradual navigation towards higher hierarchical 
level and stepwise narrowing of the identification of the service and removal of 
ambiguity. 
• For example, if “pen” is not sufficient to uniquely identify the service, a higher level 
component name may be fetched and use in the service matching. For example, the 
higher level name component of pen which is “writing” can be used in the service 
matching. If it is still ambiguous, the higher name component, namely “instrument” 
can also be fetched and used. 
 
pen 
fountain Pen ball Pen 
writing 
instrument 
pen 
storage animal  
Enclosure 
submarine 
Dock 
pen 
place 
bird 
animal 
TOOL LOCATION ANIMAL 
 
Figure 23 Example of the name structure hierarchy 
• The researcher proposed that a service name structure which is inspired of the 
Uniform Resource Identifier (URI) as follows: 
 
o Semantically, the full name of a service will reflect the classification of the 
service in certain ontology. Figure 23 shows that the service “pen” may be 
belong to three different ontologies. 
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o Syntactically, a name consists of several component names separated by period 
as follows: 
 
 <componentnameN>..<componentname1> 
 E.g.: instrument.writing.pen 
 
The shortest name is always used first. If it is ambiguous, the service name will 
be gradually expanded until the service is uniquely identified. 
• To name a service properly, it is hence necessary to associate a service to ontology 
and to determine its upper class. 
 
3. A service name shall be comprehensive and give an indication about the service’s 
purposes and functions: 
• Since almost everything can be a service from restaurant, cinema, hotel, taxi, etc. 
The researcher proposed to use the most common and shortest noun as name for a 
service. For example, there are many words which all denote a restaurant: 
restaurant, bistro, cafeteria, brasserie, etc. The most common word which is 
“restaurant” will then be used. 
 
4. A service name shall be sufficiently simple to allow a fast service matching: 
• To allow fast service matching, the service name should not be too long but it must 
neither be too short and hence be confounded with other services. Such confusion 
will require a second round of name comparison which will be time consuming. 
With the proposed service name scheme a service will have composite name that 
can be quite long. However, it may not be necessary to use the full name but only a 
partial name like “writing.pen”. It is a challenge to choose the optimal length for 
service names. The researcher proposed an empirical approach for the determination 
of the service name length in which the shortest name of a service with only one 
component name should be used first. When a need for further expansion in the 
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service matching occurs the service name will update with a longer name with the 
number of component names corresponding with the expansion required in the 
service matching. 
5. It shall be possible to assign several names to a service in different languages:  
• A service name may have different names in different languages. For example, the 
service “taxi” is called “teksi” in malay, “taksiliito” in finnish, “cab” in uk, etc. 
These different names should belong to an equivalent class called taxi as follows: 
 
[taxi] = {x ɽ Sʜ X ~ taxi} S: set of services  
 
~ is an equivalent relation which is 
• Reflexive: a ~ a  
• Symmetric: if a ~ b then b ~ a  
• Transitive: if a ~ b and b ~ c then a ~ c 
 
Alternative, the equivalent class taxi can be expressed as follows: 
[taxi] = {taxi, teksi, taksiliito, cab,..} 
 
6. It shall be possible to introduce aliases for a service: 
• An alias is just another name that can be added to the equivalent class of the service 
as specified earlier. 
 
7. It shall be possible and simple to introduce new services and multiple service providers 
should be able to introduce new services: 
• To introduce a new service, a new name has to be created. To avoid name collision 
which can create confusion and increase the service matching time, it is necessary to 
check whether a name has been used before. If it is the case, it must be possible to 
investigate whether it is the same service or not. If the services are similar there is 
no need to introduce a new one. If the services are different it may be necessary to 
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examine the differences. If the differences are minor and the services are related to 
each other, it is necessary to classify the new service as either parent or child of the 
existing service class. If there are too many differences, a new service name should 
be chosen for the new service. One approach that can be used is by implementing a 
domain specific ontology, where the same term may be used to denote different 
concepts. It is able to determine the relevance of an information source before 
accessing the underlying data and supporting wider accessibility of data via multiple 
ontologies and interoperation across them based on semantic relationships such as 
synonyms, hyponyms and hypernyms [53]. For name checking it is necessary to 
have a service registry which is ubiquitously available. For each service there 
should also be description or references to description that enable service providers 
to understand about the services. The service registry must also offer registration 
and deregistration service. 
 
8. The service naming scheme should be flexible and interoperable with existing service 
naming schemes: 
• By allowing alias the proposed service naming scheme will allow associating a 
service class with existing services defined by existing systems such as Jini, UPnP, 
OMG, etc. 
3.3.3. Design of service discovery and service matching 
As stated earlier, in the near future, a service offered to the user can be anything and the 
service discovery including the service naming will meet the challenge of coping with this 
dynamicity. Moreover, in a multi service provider environment, services with the same 
name can be partially or totally different while services with different names may be 
similar. 
 
To cope with this dynamicity and flexibility, there is a need for a very open and extensible 
service naming scheme which allows a very flexible definition of the service name at the 
same time as it supports an efficient, reliable and sound service matching. 
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The design of the future service discovery architecture is also presented in Paper 3. In order 
to have a more precise and formal view on the whole process of the service discovery and 
service matching, the Unified Modeling Language (UML) [17] is used: 
 
As shown in Figure 24, 4 use cases are identified which are requested by two players, the 
user and the service provider as follows: 
 
• User:  
x Discover the services 
x Select a service 
x Find a service 
• Service provider:  
x Register a service 
 
The four use cases represent the high level requirements of the future service discovery 
system. 
 
 
 
 
 
 
 
 
 
 
Figure 24 Use case diagram of future service discovery system 
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A. Use case Register a service 
 
Figure 25 Collaboration diagram for Register a service 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26 Sequence diagram for Register a service 
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In the current situation where the mobile is connected to a mobile network (e.g. GSM or 
UMTS), the service that is offered by the network has a standardized naming and service 
number, for example service name telephony with a dedicated service number which 
uniquely identify the service. From there if the client wants to find the service, a direct 
syntax matching can be done but in the future, the mobile will be connected in a 
heterogeneous network thus allowing the mobile to be connected to other services as well 
and with different names that the client might not know. The issue is how the device can 
find out about the services and how the service is named. The syntax matching can no 
longer rely on the service name, service number, service type and attribute. To solve this 
issue, the researcher proposes to come out with semantic service matching based on 
ontology. The convention on how a service name should be is clearly specified in the Paper 
2 [54].  A template to be used by a Service Provider at registration of services is illustrated 
in Table 4. 
Table 4 Example of template for future service naming scheme 
Field Description 
Service 
name 
A short ‘noun’ and common service name is used for e.g. “restaurant” to 
refer to place that serves food.   
Service 
equivalent 
class 
• It is used for a service with different names but having same service 
instances.  
• It can also refer to services called by different languages (alias). 
• For e.g. [restaurant] = {restaurant, ristorante, cafe, warung, …} 
Hierarchical 
structure 
The hierarchical structure of the service name shows in which classification 
the service is in. This is very important especially for the services with the 
same name that can be different (e.g. Book that refers to an object or book 
which refers to a verb that means reservation) 
Next level 
service 
• If the service name is not sufficient during service matching, next level 
service name will be checked until there is no ambiguity and the final 
service definition is retrieved.  
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• It can also be used to find partial match (e.g. If the taxi service cannot be 
found, the service matching will go to the next level to see in which 
group/classification the service is in and suggest alternatives, in this case 
the bus or train which falls under the transportation group/classification is 
found as partial match) 
Service 
name 
structure 
The service name is in the uri format which contains 
<componentnamen>…<componentname1>  
For e.g. Reservation.place.book 
 
This template will be written in XML and contains in the service Infobase for Service 
Provider guidelines. Figure 25 shows a collaboration diagram for a use case “Register a 
service” and Figure 26 depicts the sequence diagram for the use case showing the sequence 
of execution. As shown in Figure 25 the use case starts as follows: 
 
1. When the Service Provider wants to register a service, it first needs to ask the Service 
Broker to check on the existing service name. If the service already exists, the Service 
Provider will register the service with the same service name otherwise the Service 
Provider will need to look at the service equivalent to check on the same service with 
a different name. The Service Provider registers the service with service information 
reference (template shows in Table 4). 
2. Once the Service Broker receives the registration, it will broadcast the service with 
service information reference to the Client and at the same time update the service 
information to the Service Infobase. 
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B. Use case Discover the services 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27 Collaboration diagram for Discover the services – alternative 1 
 
Figure 28 Collaboration diagram for Discover the services – alternative 2 
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Figure 29 Sequence diagram for Discover the services – alternative 1 
 
Figure 30 Sequence diagram for Discover the services – alternative 2 
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Figure 27 and Figure 28 show collaboration diagrams for a use case discover the services 
and Figure 29 and Figure 30 are the sequence diagrams for the use case with two 
alternatives, whether the service broker is broadcasting the list of available services or the 
client requests for the available services to the service broker. As shown in Figure 27 the 
use case starts as follows: 
1. The Service Broker broadcasts the list of available services to the Client. There are 
two ways on broadcasting the services, either by periodically broadcasting the 
services within a certain amount of time or upon new arrival/registration of a service. 
The broadcast method requires less power from the mobile phone since it can simply 
accept the list of available services from the service broker. However, the Client will 
need to synchronise before being able to get the list of available services and this may 
take time. The consequence is that the mobile device may loose contact with former 
service components before the new one is discovered and result onto service 
discontinuity. 
Figure 28 is the alternative for the use case discover the services that start as follows: 
1. The Client first initiates a request on the list of available services. The request for the 
available services could be done in two ways: either the Client subscribes for the 
service or the Client just moves to a new area and would like to enquire about the 
available services. 
2. Once the Service Broker receives the request, it will return the list of available 
services. For this method, the requester (Client) and the Service Brokers (there could 
be several service brokers at a location) are supposed to listen and respond to the 
request or in the case of Media Independent Handover (MIH), there is a dedicated 
channel (or address) reserved for a unique and centralised Service Broker and the 
Client can send the request directly to it.  
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Therefore some important points need to be considered such as: 
x The list of available services must be usable and comprehensive but not too 
exhaustive due to the limitation in bandwidth of the wireless link, storage 
capacity of the mobile device, high latency, etc. 
x The list should not contain all the service details but only the strict minimum 
such as service name and reference to service information. 
x The list must have syntax and semantics which are comprehensive for both the 
Client and the Service Broker. 
C. Use case Select a service 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31 Collaboration diagram for Select a service – alternative 1 
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Figure 32 Collaboration diagram for Select a service – alternative 2 
 
Figure 33 Sequence diagram for Select a service – alternative 1 
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Figure 31 and Figure 32 show the collaboration diagrams for the use case “Select a service” 
and Figure 33 and Figure 34 depict the sequence diagrams for the use case with two 
alternatives: either to have the selection of the service manually by the client or to automate 
the selection. As shown in Figure 31 the use case select a service (manually) starts as 
follows: 
 
1. The Client initiates service matching by sending the service name and the list of 
available services to the Service Matcher. 
2. The Service Matcher then sends a request of service information to the Service 
Infobase. 
3. The Service Infobase will return the service information to the Service Matcher. 
4. Upon receiving the service information, the Service Matcher will perform service 
matching. 
 
Figure 34 Sequence diagram for Select a service – alternative 2 
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On the other hand, in the second alternative as illustrated in Figure 32, the selection of the 
service is done automatically and the use case starts as follows: 
 
1. The Client initiates service matching by sending the service name, the list of available 
services together with predefine requirements (such as user personalisation and 
device adaptability) to the Service Matcher. 
2. The Service Matcher then sends a request of service information to the Service 
Infobase. 
3. The Service Infobase will return the service information to the Service Matcher. 
4. After the service information is received, the Service Matcher will perform service 
matching and check also the predefined requirements sent by the Client. By 
implementing this method, optimization will be achieved and results in an efficient 
service matching because in some cases there are possibilities of the matching result 
that does not comply/suit with user personalisation or user-device adaptability and is 
hence a waste of time. 
 
There are some important points that need to be considered as follows:  
 
x It is necessary to introduce metrics for defining the ‘best offer’ for an automate 
service matching or via optimization algorithm implemented on the client’s 
side, such as shortest routing path or lowest hop count. 
x The Service Matcher could be located either in the Client side or in the 
Network side. The advantage of having the Service Matcher in the Client side is 
to ensure the mobile phone’s full control on the service matching but this will 
consume more power. Having a service matching function in the Network side 
will reduce the processing time of the client and hence increase the performance 
of efficiency but there is a risk of connection loss. 
x The service information in the Service Infobase can be in the World Wide Web 
(WWW) or stored in the MIH. If the Service Infobase is in WWW it will be 
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accessible by any service providers. Being integrated in the MIH will simplify 
the implementation.  
 
D. Use case Find a service 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35 Collaboration diagram for Find a service 
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Figure 35 shows collaboration diagram for a use case “Find a service” and Figure 36 
depicts the sequence diagram. As shown in Figure 35 the use case starts as follows: 
 
1. The Service Provider registers for a new service and when a Client moves to a 
location, it will find a service by sending service information reference to the Service 
Broker. 
2. Service Broker will initiate service matching by sending the service name and the list 
of the available services to the Service Matcher. In this case, the Service Matcher is 
located at the network side.  
3. The Service Matcher then sends request of service information to the Service 
Infobase. 
4. The Service Infobase will return the service information to the Service Matcher. 
5. After receiving the service information, the Service Matcher will perform service 
matching and return the matching results to the Service Broker. 
 
Figure 36 Sequence diagram for Find a service 
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6. The Service Broker then will return the matching result together with service 
reference to the Client. 
7. Upon receiving the service matched, the Client will send request for the service 
directly to the Service Provider. 
3.3.4. Implementation and validation of the proposed service discovery 
To verify the proposed service discovery an implementation and validation has been carried 
out (See Paper 5) [18]. The main contribution is the introduction of three main attributes 
using the OWL Lite for semantic matching during the service discovery which are:  
• EquivalenceClass 
• ParentType 
• Keyword 
 
As in the future mobile environments, a service can be anything and introduced by 
anybody. Hence, same or equivalent services may have different names and services with 
the same name or type may be completely different. This poses challenges and the existing 
service discovery system is not capable of handling these situations. The service name and 
service type should not be restricted to any length or format. The service provider must 
have the freedom to the name and type as pleased. This requirement poses problems for the 
service matching to succeed. 
 
More semantics are introduced in the service description. In addition to regular parameters 
like Name, Type, State Variable and Actions which provide the syntaxes of the service 
additional parameters like Keywords, ParentType, EquivalenceClass are introduced to 
provide more semantics to the service. They will be used in the service matching to find the 
requested services in an efficient and unambiguous manner. Their usage will be elucidated 
by the use scenarios in later section. 
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A. Overview of the system architecture  
Figure 37 illustrates the system architecture for future service discovery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The major components of the architecture are: 
 
1) Web Service Client – This component is an application running on the remote 
mobile terminal. The Client on behalf of the user can ask/search for a service. It can 
also, on behalf of the Service Provider introduce and register a new service. The 
protocol used between the Client and the actual XML Web Service is Simple Object 
Access Protocol (SOAP) [55].  
 
 
 
 
 
Figure 37 Future service discovery system architecture 
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2) Components of the service discovery system consists of: 
 
i) ASP .Net [56] Website (XML Web Service) – This service acts as an 
interface between the Client/Service Provider and the System Server. 
The IIS Internet Information Services 5.01 or later is customized in order 
to publish the ASP.Net pages on the Internet. 
ii) Database – This component acts as a service repository which stores the 
services registered by the service provider. 
iii) OWL file – is used for semantic matching with the OWL Lite 
(EquivalenceClass and ParentType).  
 
B. Service discovery testbed 
The hardware as well as the software components used for the system implementation is 
described below: 
1) Hardware - A computer with installed Windows XP is used as a server. The server 
can process several requests from multiple clients in parallel. The Client can request 
the server by using any platform or browser to retrieve the desired services. 
2) Software 
Operating System 
• Server side: Since the application is developed using .Net technology, the 
.Net framework version 2.0 is installed on the server. Microsoft Windows 
based operating system is the minimum requirement for this version of .Net 
framework. Therefore Microsoft Windows XP was installed on the server.  
• Client: The Client is independent of any architecture and hence can access 
the services by using any industry standard Internet browser from any 
operating system that has access to the Internet. 
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Programming languages: For the implementation of this project Microsoft Visual 
Studio 2005 IDE for C# was used. The application was developed in C# whereas 
the website was developed using ASP.Net technology. 
• C#: C# was mainly used as an implementation language because of its 
convenient programming capabilities, the object oriented paradigm it 
supports, type-safety and wide range of libraries available as a part of .Net 
framework [57]. Another reason to use C# was the OwlDotNetApi that was 
mainly used to access OWL file in order to define parent as well as 
equivalent classes for service types. The detail of this API can be found on 
[58].  
• ASP.Net: ASP.Net is used for the XML web service and the web form 
interface for accessing the web service. Reason for using ASP.Net: 
– for building XML web service because it makes exposing and calling 
web services very simple.  
– for Client website because of the flexibility of interface it provides and 
support  for the mobile devices. By building a website in ASP.Net one 
has to write the code once and the ASP.Net automatically generates 
pages based on the device they are called.  
Support for ontologies: As the semantic meaning in this project of service discovery 
is being achieved by ontologies they were continuously monitored manually by 
using Protégé 4.0.2 [59]. OWL Lite is chosen in the implementation of this project 
due to its simplicity and the dynamic nature of the project even though it is known 
that it has some limitations as compared with the OWL DL and OWL Full. Since 
the services can be introduced by anybody and there is no control mechanism on 
introducing the services, therefore it is required to avoid complexity in the system 
usage and for that only the EquivalenceClass and the ParentType properties is used 
which can be accomplished by the OWL Lite.  
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C. Sequence Diagram 
The call sequence diagrams are used to explain the flow of the four main methods in the 
future service discovery. 
 
 Registration a service 
This method is used for the Service Provider to register a new service as illustrated in 
Figure 38. 
 
Figure 38 Call sequence diagram for Registration a service 
i) When a Service Provider wants to register a service, he/she will first type the 
particular details of the service (e.g. the Service Name, Service Type and 
Keyword).  
Service Provider Client Service Broker(WS-App)
Service Matcher
(OWL)
1. Register Service
(ServiceName, ServiceType, Keywords etc)
2. Look Up Existing
Service Type
Service Infobase
(Repository)
4. Update Service InfoBase
5. Service Infobase
Updated6. Service Registration
Successful
3. Check for existing
service type or new
service type
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ii) The Service Broker which is the Web Service Application will then lookup for 
Equivalence  Service Type.  
iii) The Service Matcher which in this case is the OWL Lite will check for existing 
Service Type or new Service Type. 
iv) The Service Broker will then update the Service Infobase which is the Service 
Repository of this system. 
v) After that the Service Infobase is updated. 
vi) The service registration is successful and Service Provider can see the new 
service registered in the service list. 
 
 Discovering services 
This method is used for the Client which wants to find all available services as illustrated in 
Figure 39. 
 
Figure 39 Call sequence diagram for Discovering services 
i) When the Client wants to discover available services, it may request for list of 
services to the Service Broker. 
1. Request List of
available service
Service Provider Client
Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
2. Lookup for available Services, Service Type
3. Get Equivalent for
Service, Parent Type
4. Return Service and
Equivalent Classes
5. Return Service and Equivalent
Classes
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ii) The Service Broker then will lookup for available services from the Service 
Infobase. 
iii) The Service Infobase will then get the Equivalent for Service and Parent Type 
from the Service Matcher (OWL). 
iv) The Service Matcher will return the available services and all Equivalent 
Classes to the Service Broker. 
v) The Service Broker will return the services available and its Equivalent Classes 
to the Client. 
 
 Service Request 
This method is used if the Client wants to find a particular service or set of services as 
illustrated in Figure 40. 
 
Figure 40 Call sequence diagram for Service request 
1. Request Service A
Service Provider Client
Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
2. Lookup for Service A, Service Type
3. Get Equivalent for
Service, Parent Type
4. Return Service and
Equivalent Classes
5. Return Service A and
Equivalent Classes
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i) When the Client wants to request for a particular service, he may find the 
service either by using the Service Name or the  Service Type. 
ii) The Service Broker will lookup for a particular service A and its Service Type 
in the Service Infobase. 
iii) The Service Infobase will then get the Equivalent for Service A and its Parent 
Type from the Service Matcher (OWL). 
iv) The Service Matcher will return the requested Service A and its Equivalent 
Classes to the Service Broker. 
v) The Service Broker will return the Service A and its Equivalent Classes to the 
Client. 
 
 Find a service 
This method is used if the Client wants to find a service but knowing very little information 
about the service (for e.g. just having a Keyword) as illustrated in Figure 41. 
 
 
Figure 41 Call sequence diagram for Find a service 
Service Provider Client Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
1.Find Service
(Keywords)
2. Service Lookup Based on the
Keywords
4. Lookup for Equivalent of
service
5. Return matching
info
6.Service Response
3.Perform keyword lookup
Description of the work 
 
106 
 
i) The Client can also find a service via the Keyword if he is not sure about the 
service Name.  
ii) The Service Broker will do the Service lookup based on the Keyword and send 
it to the Service Infobase. 
iii) The Service Infobase will then perform the Keyword lookup. 
iv) The Service Matcher (OWL) will then lookup for Equivalent services. 
v) Service Matcher will return the matching information to the Service Broker. 
vi) The Service Broker will finally send the service response to the Client. 
 
D. System user interface and use scenarios 
In this section, the future service discovery system user interface is explained and based on 
the requirements specified in Section 3.3.1, three use scenarios are selected for description 
in detail. 
 
 System user interface 
 
 
 
Figure 42 depicts the user interface for future service discovery systems. It has three main 
methods which are: 
Figure 42 Future service discovery system user interface 
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i) Register Service – for the user to register a new service. The fields such as 
Service Name, Service URI, Service Description, Keyword, Service Type and 
Available Services are required to be filled. 
ii) Register Service Type – during registration of a new service, if the user finds 
that the service type of the registered service is not yet available, he may needs 
to register a new service. 
iii) Find Service – there are three options to find service for the user. For finding a 
service by service name, the EquivalenceClass semantic will be used and all the 
similar services with different names and languages will be returned. If the user 
chooses to find service by the service type, all the subtype services under the 
same ParentType will be returned and if the Keyword is used to find service, 
even the non-exact match services will be returned as long as it has something in 
common to describe about the service (for e.g. Snacks or Cocktail to define 
Food service). 
 
 Use scenarios 
Three use scenarios are presented to illustrate the applicability in practice which are: 
 
i) Use scenario 1 - The network system has similar services with different names and 
different languages. 
 
When a user wants to find a service, such as - a Restaurant service he will use either 
standard English or his native language. The Restaurant service can be registered 
under other different names in multiple languages for e.g. 
 
Restaurant: {Restoran, Ristorante, Café, Bistro, Warung, … } 
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If the user enters the word Café, the future service discovery will return not only the 
Café service but also other similar service with Café in other names as depicted in 
Figure 43. 
 
Figure 43 Use scenario 1a) – having similar service with different names 
In addition, the future service discovery also supports finding a service in multiple-
languages as shown in Figure 44. 
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By having this feature, the user will not have to worry even though other names 
returned when he wants to find a service (especially if he is abroad and different 
languages are used to call a service) because the service discovery system returns 
only services equivalent to the one requested. 
 
  There are three options for the user when it wants to find a service: 
 
x by Service Name – if the user knows exactly the service it wants to look for 
Figure 44 Use scenario 1b) – having similar service with multiple languages 
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x by Service Type – if the user is not sure about the Service Name but only knows 
the Service Type 
x by Keyword – if the user only knows very little about the service and has some 
clues describing the service (for e.g. Dining or Meal which refers to Restaurant) 
 
ii) Use scenario 2 - The network system has different services with the same name. 
 
Since in the future ubiquitous communication systems the service can be anything 
and introduced by anybody, there can be a possibility of having different terms and 
perspectives of knowledge of the service from the user and service provider. The 
future service discovery supports the function of having different services with the 
same name as depicted in Figure 45. 
 
 
Figure 45 Use scenario 2 – having different services with the same name 
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As in the above example, the word Book can refer to a type of Book service (for e.g. 
buying online books or information about a book). There can also be other 
meanings of Book service which may refer to a Reservation service.   
 
Even though the future service discovery allows having different services with the 
same name, the ambiguity and confusion can still be avoided via the details of the 
Service Description and Service Type returned during the service search.   
 
iii) Use scenario 3 - The service discovery returns partial matches to requested service. 
  
The future service discovery is using a semantic matching in addition to syntactical 
matching as the one used in the existing service discovery. This is very important 
especially in the situation where no equivalent service available but there exists 
service, which have additional functions to the requested ones. Such a service is 
called – partial match.  
 
The future service discovery will introduce the use of service subtyping by having 
ParentType and attributes ParentType in the Service Type description template. As 
illustrated in Figure 46, when the user is asking for Telephony service; Skype, SIP 
and G1 are returned because they are grand children of Telephony (Skype and SIP 
are subtype of IP Telephony while G1 is subtype of GSM) and have inherited all the 
characteristics of Telephony. In this case the Skype, SIP and G1 are having similar 
functions (voice call – which is the generic Telephony features) but some of them 
have more or different additional functions (for e.g. Skype has a video call feature) 
and they are also different in service components and service implementations. 
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Figure 46 Use scenario 3a) – having partially match service 
However, if the user is asking for a specific Skype service, only the Skype is 
returned and nothing else. This is as illustrated in Figure 47. 
 
 
 
 Figure 47 Use scenario 3b) – service subtype 
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E. System performance 
As in the future mobile environments the performance of service discovery in dynamic 
changes is a major concern of the user. It is very important to ensure that the service 
requested is returned in an acceptable time (fast service discovery). Hence performance 
evaluation is conducted and Figure 48 shows the result of the testing which is done based 
on the four different search criteria: 
 
i) find all available service 
ii) find by service name 
iii) find by service type 
iv) find by keyword 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The x-axis shows the number of services used for testing while the y-axis is the time taken 
(in milliseconds) to return the results based on different types of parameters used in 
Figure 48 Future service discovery system performance 
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discovery of services. To measure the time the user was asked to start an Android timer 
upon issuing a request and stop it when receiving the response. 
 
The mean reading value for each number of service tested was used to plot the graph hence 
this result is retrieved. Service name lookup was really fast and scales well to real time tests 
that were conducted at different intervals by adding more services in the system repository. 
However the service lookup and key word look were considerably slower then preceding 
service name lookup as after retrieving the information from the database, lookup was 
carried out in ontologies to provide semantic meaning to the search and service discovery, 
hence making it gradually slower. Thus the system overall real time performance was found 
to be satisfactory and acceptable and it scales well to the increased number of services. 
3.3.5. Implementation of Service Discovery 
In this section, the service discovery development environment is described. The user 
interface is explained and four use scenarios are given to illustrate the effectiveness of the 
proposed service discovery and matching procedure. 
A. Mobile Service Discovery Testbed 
The service discovery application is developed in the JavaTM [60] language using the 
Android Software Development Kit (SDK) which provides the tools and APIs necessary to 
begin developing applications on the Android platform. Android [47] is a software stack for 
mobile devices that includes an operating system, middleware and key applications. 
Android platform is chosen because it provides access to a wide range of useful libraries 
and tools that can be used to build rich applications.  
Eclipse Helios [61] is used for the IDE and Android plugin for Eclipse is also needed for 
the system development. The developed application is flexible and capable of handling all 
the request variants from the Mobile Node. Android emulator is used for the testing 
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purpose. The application can be installed and run in any type of mobile phone with Android 
2.3 operating system and later.  
B. System User Interface 
Figure 49 shows the icon of the service discovery in the Android emulator. Figure 50 
depicts the service discovery user interface offering three options to find service as follows:  
1. by Service Name - the EquivalenceClass semantic will be used and all the similar 
services with different names and languages will be returned. 
2. by Service Type - all the subtype services under the same ParentType will be returned. 
3. by Keyword - even the non-exact match services will be returned as long as it has 
something in common to describe about the service (for e.g. Snacks or Cocktail to define 
Food service). 
 
 
Figure 49 Service discovery icon on Android emulator 
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Figure 50 Service discovery user interface 
C. Use scenarios 
Use scenario 1 - Service discovery and matching based on the service name. 
The Mobile Node may request for a specific service by specifying its service name. For 
example, if the Mobile Node requests for a Skype service, only the networks offering 
Skype service should be returned. It is worth noting that a network with a completely 
different service with the name of Skype can be returned because the service names are not 
standardized and unique. To avoid this situation the Mobile Node may have to specify the 
service type in addition to the service name to aid the service discovery. For example, when 
the Mobile Node requests a service with the service name Book and specify Online 
Business as service type as illustrated in Figure 51 only the Book service with the service 
type Online Business is returned. 
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Figure 51 Example of Book service denotes different type of services. 
If the Mobile Node specifies only the service type without the service name all the 
supported services with the same service type will be returned. For example, if the Mobile 
Node requests for IP telephony service, Skype, VoIP and WiPhone, which has IP 
Telephony as same service type will be returned. 
Use scenario 2 - Service discovery and matching based on ParentType. 
The Mobile Node may also request a service by specifying the ParentType. All the services 
with the same ParentType will be returned. In this case only partial match is required. For 
example, if the Mobile Node specifies Telephony as ParentType all the child service types 
of Telephony e.g. Skype, GSM, VoIP and WiPhone will be returned as illustrated in Figure 
52. 
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Figure 52 Service discovery and matching based on ParentType 
 
Figure 53 Service discovery and matching based on EquivalenceClass 
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Use scenario 3 - Service discovery and matching based on EquivalenceClass. 
The Mobile Node may request a service by specifying the EquivalenceClass. In this case all 
the services of equivalent service type will be returned. The returned services can have 
different names, types in different languages. For example, if the Mobile Node requests 
service by specifying Restoran as EquivalenceClass, Café, Bistro, Restaurant, etc. will be 
returned as illustrated in Figure 53. 
Use scenario 4 - Service discovery and matching based on Keywords. 
The Mobile Node can request a service by specifying Keywords. This can be used 
especially when the user has only a vague idea about the service he wants to request. The 
service matching the Keywords will be returned. For example, if the Mobile Node wants to 
find a Food service, it may send Meal, Snacks or Dining as Keywords to request for the 
Food service as illustrated in Figure 54. 
 
 
Figure 54 Service discovery and matching based on Keywords 
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The time taken in the output screen indicates the processing time (in seconds) to retrieve 
the search result. 
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4. Conclusion 
4.1 Achievements and results 
Lately, mobile communications have evolved from homogeneous networks, single access 
technology and single operator to heterogeneous networks, multiple access technologies 
and multiple operators environments. This paves the way for more possibilities as well as 
for more challenges. The first major challenge is to provide the users with a wider and more 
diversified set of services offered by these multiple heterogeneous networks, owned and 
managed by different operators. The second challenge is to offer a greater user experience, 
i.e. user interface, better quality of service, seamless service continuity, etc. The existing 
mobile service architecture do not take into account heterogeneity and multiplicity and are 
hence not capable of fulfilling the needs and expectations of the future mobile 
environments. 
 
To remedy the situation this thesis has analysed future mobile scenarios and propose a 
mobile service architecture, which enhances the availability of services at the same time as 
service continuity is ensured. The necessary functional entities both on the network and 
terminal side are identified and described. The thesis has also conducted thorough analysis 
and realisation of the two main elements of the mobile service architecture, namely Service 
continuity and Service discovery. 
 
To realise Service continuity, it is proposed to extend the functionality of the IEEE Media 
Independent Handover (MIH). More specifically, it is proposed to extend the information 
database with service information and to include service information in the information 
exchange between the mobile client and the MIH. 
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Regarding service discovery, an innovative discovery scheme capable of handling the 
following characteristic is proposed: 
 
x Similar services with different names in different languages 
x Different services with similar names 
x Partially similar services 
x No restriction regarding the name length 
x Anybody can introduce anything as a service anytime 
 
To verify the validation of the three proposed items: 
 
x The mobile service architecture 
x The Service Continuity 
x The Service Discovery 
partial but sufficient implementations have been carried out. Consequently, it is possible to 
conclude that the three proposed items are both sound and feasible.  
4.2 Critical review of the work 
In this section a critical review of the three contributions of the thesis, namely the mobile 
service architecture, the service continuity and the service discovery is provided. 
4.2.1. The mobile service architecture 
Although the mobile service architecture proposed in this thesis is a pure technical solution, 
which puts the user in the centre, it allows the mobile user to discover new and consume 
services as soon as they appear. The solution does not consider the political and business 
aspects which involve other parties such as network operators and service providers. In 
fact, it is not evident that a service provider is willing to let a user change to another service 
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provider. In order to be accepted, it might be necessary to elaborate a sound business model 
which identifies the incentives and benefits of all the parties. A balanced charging scheme 
and a fair revenue sharing model are also required. Last but not least, there is a need for a 
new identity management system, which provides adequate authentication and protection of 
the user while preserving flexibility and allowing single-sign-on. 
4.2.2. The service continuity 
To realise service continuity extensions to the IEEE 802.21 MIH has been proposed in this 
thesis work. The proposal has been published as papers at international conferences but it is 
not submitted to the standardisation body in charge, namely IEEE. Due to the lack of 
resources and time, it is not possible for the author to participate to the IEEE and submit the 
proposal. It is always a hope that the idea is adopted by other persons or organisations that 
will again promote it at IEEE to be approved as standard. Furthermore, components on the 
mobile device side must also be standardised and should be submitted to standardisation 
bodies like Open Mobile Alliance (OMA), W3C, etc. 
4.2.3. The service discovery 
The feasibility of the proposed service discovery has been verified by an implementation 
using Web service and mobile phone technology and based on EquivalenceClass, 
ParentType and Keywords. The implementation is, however, very simple and therefore 
does not prove the usability of the service discovery. It is still unsure that the service 
discovery can be accomplished within an acceptable amount of time when the number of 
available services is very large or when the set of equivalent services is getting big. 
Furthermore, it is not verified that the service discovery always return correct results, i.e. 
return the services that the user is looking for. It is neither verified that the service 
discovery is capable of finding all the services equivalent with the one specified by the user 
when the number of equivalent is large. 
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4.3 Further work 
Several tasks could not be accomplished during the thesis work due to the lack of time and 
will be described in the following sections. 
4.3.1. Service continuity 
As further work, the service information and the extension of handover procedure in the 
existing IEEE 802.21 MIH Services proposed in this thesis work should be implemented 
and integrated in an 802.21 MIH implementation. An extended MIH client should also be 
implemented and installed on a mobile platform such as Android, Symbian, Windows 7, 
etc. Thereafter, testing and evaluation should be carried in the real mobile environment 
consisting of a mobile device equipped with an extended MIH client and a real extended 
MIH implementation. Tests should be carried out on various situations such as large 
number of mobile devices, highly mobile devices, mobile devices with different moving 
pattern, etc.  
It might also be interesting to introduce other criteria for selection and change of service 
than signal quality such as security, price, bandwidth, etc. The shift from higher 
performance service to lower one and vice versa is a very exciting and important issue that 
deserves  more investigation. 
4.3.2. Service discovery 
As mentioned the feasibility of the service discovery is demonstrated but its usability is not 
yet proven. As further work, it is hence relevant to develop a prototype which incorporates 
more semantic matching with more level of parents and larger equivalent set. Thereafter, 
tests should be carried out on situations with large number of services, and large sets of 
equivalent service to demonstrate that the service discovery can be completed in time. Last 
but least, it might be relevant to emulate a distributed environment, where a service 
provider adopts, modifies, registers and deploys services in unorganized and 
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unsynchronized manner. It will be quite interesting to see whether the service discovery 
manages to find all the services correctly. 
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Abstract 
 
To be able to access services in a seamless 
way across different physical access networks is 
compelling. The seamless handover features and 
availability of the mobile voice telephony service is 
by far the most important key to success in current 
mobile telecommunication services. As mobile 
devices are becoming multi-modal, i.e., supporting 
several physical network access technologies, there 
has been much focus on enabling network 
handover between these access technologies. 
Unfortunately, seamless handover is not sufficient 
to ensure service continuity because in many cases, 
due to mobility not only the connection link must be 
changed but also the components realizing a 
service. In this paper extensions to the 802.21 
MIHF to provide adequate assistance to the 
dynamic composition of a service is proposed and 
described thoroughly. 
 
 
1. Introduction  
 
Seamless handover in horizontal network (i.e., 
change from one base station to another one base 
station in GSM network telephony) is a well-
known technology. Seamless handover in 
heterogeneous network (i.e., changing from GSM 
network to WLAN) is a more challenging issue 
since it requires continuous scanning of a broad 
spectrum of frequencies using different coding 
schemes, which is very power consuming. With the 
introduction of IEEE 802.21 Media Independent 
Handover Function (MIHF), the mobile device can  
perform handover while consuming minimum 
energy. Its interface, Service Access Points (SAPs)  
 
enables the mobile device to have continuous 
access to the network. Information about 
neighboring networks is shared through the MIHF, 
a shim layer in the mobility-management protocol 
stack of both the mobile node and the network 
elements. It helps mobile device to discover, 
characterize and select network within their current 
neighborhoods by exchanging information and 
defining commands and events to assist in 
handover decision making process. Unfortunately, 
seamless handover is not sufficient to ensure 
service continuity because in many cases, due to 
mobility not only the connection link must be 
changed but also the components realizing a 
service. To give adequate assistance to the dynamic 
composition of a service there is a need for 
extensions in the MIHF.    
This paper starts with a brief introduction 
about IEEE 802.21 Media Independent Handover 
Services in Section 2, followed by the highlighted 
of the limitation of the current Media Independent 
Handover Function (MIHF) in Section 3. Section 4 
identifies the requirements from future mobile 
services and Section 5 continues with the proposed 
extensions in MIH. Finally Section 6 concludes the 
discussion. 
 
2. Short introduction about IEEE 
802.21 Media Independent 
Handover Services 
 
From a terminal connected to a dedicated 
wireless network mobile devices have evolved to 
be multi-system and multi-standard terminals 
equipped with several wireless access technologies 
such as Global System for Mobile Communications 
(GSM), 3rd Generation Wireless Communication 
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(3G), Wireless Local Area Network (WLAN), 
Bluetooth, etc. The connectivity is supposed to be 
considerably improved but without coordination, 
synchronization and handover mechanisms, it is 
difficult to make use of all these available wireless 
technologies to provide continuous connectivity. In 
fact until now handover is only possible between 
Base Stations or Access Points of same 
technologies.  
To remedy this situation, IEEE has introduced 
a new standard called 802.21 that is aiming at 
facilitating handover between heterogeneous 
networks [1] for devices equipped with multiple 
wireless access technologies. 
The handover process consists of three 
phases:- 
x Handover initiation which is searching for a 
new link. It is comprised of the following 
tasks: 
o Network discovery 
o Network selection 
o Handover negotiation 
x Handover preparation which is setting up a 
new link. It is comprised of the following 
tasks: 
o Layer 2 connectivity 
o IP connectivity (layer 3) 
x Handover execution which is transferring the 
connection. It is comprised of the following 
tasks: 
o Handover signaling 
o Context transfer 
o Packet reception 
The IEEE 802.21 assists the first two phases, 
handover initiation and handover preparation and 
leaves the handover execution to existing protocols. 
In fact, the most challenging task in vertical 
handover, i.e. across heterogeneous technologies 
over different access networks [2] is the network 
discovery which requires continuous scanning of a 
broad spectrum of frequencies using different 
coding schemes. This is a very energy consuming 
task that a mobile device operating on battery 
cannot afford. The IEEE 802.21 provides Service 
Access Point (SAPs) on each access network which 
can be queried by upper layers (layer 3 and higher) 
to get information about the network availability 
and Quality of Services (QoS) at each time. The 
mobile device can hence perform handover while 
consuming minimum energy. 
The IEEE 802.21 supports the handover 
process for both mobile and stationary users. For 
the mobile users, the handover process could 
happen due to changes in wireless link condition or 
due to the gaps in radio coverage while the mobile 
terminal is moving. As for the stationary users, the 
handover process might occur due to the changes of 
the surrounding environment such as having 
another network which is more attractive than the 
other network or the needs to change to another 
network due to the network requirement such as a 
need to have a higher data rate channel during 
downloading a large data file. 
The IEEE 802.21 introduces a logical entity 
called Media Independent Handover Function 
(MIHF) which is a shim layer in the mobility-
management protocol stack of both the mobile node 
and the network elements. It facilitates the 
handover decision making based on the upper layer 
decisions and link selection based on inputs and 
context from Media Independent Handover (MIH). 
Figure 1 shows the components of MIH and 
how its function. 
 
Figure 1. IEEE 802.21 MIH architecture 
Basically the MIHF consists of three major 
services which are Media Independent Event 
Service (MIES), Media Independent Command 
Service (MICS) and Media Independent 
Information Service (MIIS). 
MIES functions are to detect events and 
deliver triggers from local and remote interfaces to 
the upper layers. It handles all types of event 
classification, event filtering and event reporting 
from the dynamically changes of the link 
characteristics, link status and link quality.  
The MICS provides a set of commands for 
MIHF users to control handover relevant link 
states. The commands are sending to the lower 
layers to determine the status of the connected links 
and also to execute mobile and connectivity 
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decisions of the higher layers to the lower layers. 
This service controls and manages link behavior 
relevant to handovers and mobility. 
MIIS provides details on the characteristics 
and services provided by the securing and 
surrounding network. It provides a framework by 
which a MIHF in the mobile node and in the 
network can discover and obtain homogeneous and 
heterogeneous network information within a 
geographical area to facilitate handovers. With that, 
the network elements will receive the information 
about neighboring networks, thus enabling making 
of more effective handover decisions across 
heterogeneous networks. 
To illustrate the role of IEEE 802.21 in 
handover let us consider the case when the mobile 
phone is moving from a GSM network to WLAN. 
Currently without the MIH function, there is 
no way that the mobile device can detect WLAN 
coverage because the WLAN interface is usually 
disabled due to battery drain. To use WLAN, the 
user has to switch the interface on. No service 
continuity is supported. 
With the IEEE 802.21 the mobile device will 
have continuous access to the MIH function via a 
SAP on the GSM network. When entering a 
WLAN area the MIIS will detect it. The MIES will 
be used to send an event MIH_Link_Detected to 
the upper layers on the mobile terminal e.g. 
Mobility manager, which can turn on the WLAN 
interface. 
The Mobility manager can also issue the 
command MIH_MN_HO_Candidate_Query to 
obtain handover related information about possible 
candidate networks. 
It can then make the MIH_MN_HO_Commit 
to notify the network that a candidate. Thereafter, it 
can initiate the handover by performing the 
necessary signaling. When handover is completed, 
the mobility manager will issue a 
MIH_MN_HO_Complete to indicate the handover 
has been completed. 
The handover process is as illustrated in Figure 
2.  
 
GSM/GPRS/ 
EDGE/UMTS 
WLAN/ 
Bluetooth 
Mobile Core 
Network 
PSTN 
Internet 
MIH PoS 
Information 
Server 
GSM  
telephony 
HANDOVER 
 
Figure 2. Handover process with IEEE 
802.21 Information Service 
 
3. Limitation of the 802.21 Media 
Independent Handover Function 
(MIHF) 
 
As described in the previous section, the 
802.21 Media Independent Handover Function 
(MIHF) does successfully support handover 
between heterogeneous access networks that are 
incorporated in the same core network as specified 
by 3GPP in [3]. The access networks may belong to 
the same network operators or different ones. 
Service continuity is obtained with a link through 
the new access network. 
It is worth noting that the necessary condition 
for success is that the same service implementation 
is used across all heterogeneous access networks. 
In the previous example, GSM telephony service is 
used both in the mobile access networks and in the 
WLAN network. 
It is more challenging to realise service 
continuity when the mobile phone is moving from a 
GSM coverage area into a WLAN area which 
belongs to an IP network operator and does not 
have any connection to the 3G network. The GSM 
telephony service is not available in such area but 
there is an IP telephony service. Even with the 
assistance of the MIHF, i.e. detection of the WLAN 
access network, it is not possible to carry out 
handover because there is no way the mobile phone 
can perform the necessary signalling to establish a 
new link to transport the GSM voice traffic. Service 
continuity cannot be ensured in this way. 
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The implementation of service continuity for 
the telephony service in this case requires not only 
a link change but also the change of the telephony 
service from GSM telephony service to IP 
telephony service. To enable a fast “service 
handover” the following tasks must be 
accomplished: 
x Service discovery 
x Service matching 
x Initiation of the service client of the mobile 
terminal 
x Registration of the service client to the service 
server 
x Signalling and establishment of new links 
x Service switching 
 
GSM/GPRS/ 
EDGE/UMTS 
WLAN 
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Internet MIH PoS 
Information 
Server 
GSM  
telephony 
HANDOVER 
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Network 
SIP Server 
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Figure 3. Handover between GSM 
telephony and IP telephony 
The service discovery can, of course be carried 
out by the mobile terminal but will be more 
efficient with the assistance of the 802.21 MIHF; 
something which is not done today. 
To elucidate the limitation of the 802.21 MIHF 
let us consider again the situation of the mobile 
phone moving from the mobile access network to a 
WLAN area belonging to an IP network operator. 
When the mobile phone moves in the WLAN 
coverage area, the MIIS will detect it. The MIES 
will be used to send an event MIH_Link_Detected 
to the upper layers on the mobile terminal. The 
service continuity server can ask for a list of 
services available in the area which includes the IP 
telephony service. The service continuity server can 
perform a service matching and find that the IP 
telephony service is of type telephony and is 
equivalent to the GSM telephony service. It is 
hence possible to do a service handover. 
The service continuity server can then initialize 
the IP telephony client on the mobile terminal. The 
IP telephony will then proceed with the registration 
to the sip server and carry out the necessary 
signalling to establish a new voice link. To 
complete the service handover the GSM voice link 
will be terminated. 
 
4. Requirements from future mobile 
services 
 
The limitation of the IEEE 802.21 is not 
confined to the case described in the previous 
section but applies to generic future mobile 
services. Indeed, a future mobile service will be 
realized by several equivalent implementation 
alternatives using different technologies and having 
different service components. When the mobile 
device is moving it might be necessary to change 
the implementation alternative and its components 
due to different reasons such as air link availability, 
service implementation availability, quality of 
service, security, pricing, etc. An example of 
service change is the case of telephony service 
described in earlier section which is realized first 
by GSM telephony and then IP telephony. To 
ensure service continuity, it is necessary that a 
change of service implementations is carried out in 
addition to a change of connected links. 
More generally, the following statements can 
be formulated: 
x A mobile service can be realized by one or 
more service implementations 
x A service implementation consists of one or 
more service components 
x Service continuity is ensured by both a change 
of connection links and a replacement of one 
service implementations with another one 
From the statements above, three cases can be 
derived: 
Case  1:   Change of links only (see Figure 4) 
Case 2: Change of links and service logic 
components in the network (see Figure 5) 
Case 3: Change of links and service logic 
components both in the client and network (see 
Figure 6) 
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Figure 4. Case 1: Change of links only  
 
Figure 5. Case 2: Change of links and 
service logic components in the network  
 
Figure 6. Case 3: Change of links and 
service logic components both in the client 
and network  
As depicted from the figures above, the user 
can still enjoy the service (in this example, a 
telephony service) provided that it is realized by the 
equivalent service logic components in both the 
mobile and the network side.  
In order to support service continuity, the 
future mobile service environment must support the 
dynamic service composition, i.e. allowing a 
service to be composed dynamically by equivalent 
service logic components. Indeed, there is a need to 
ensure that the realization of the service can be 
done by dynamically discovering, selecting, 
assembling and executing the service logic 
components. In order to realize the service, there is 
a need for information about service components 
such that identification and matching of service 
components can be done.  
To determine the semantic equivalence of two 
services and the semantic equivalence of the 
service components, it is needed to have a precise 
definition of services, service components and 
service ontology. As explained in [4], the semantic 
equivalence of two services S1 and S2 is determined 
by: 
1. Semantic equivalence of the service concept 
2. Semantic equivalence of the interfaces 
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And in this example S1 SE S2 which states that 
S1 is semantically equivalent to S2. 
Finally to use the service components, the 
syntactic properties of the services should also be 
determined.  
 
5. Proposed extensions in MIH  
In order to ensure service continuity, it is 
necessary that the mobile device has the following 
information: 
1. What services are available at every time 
2. Which ones are the ones that it wants to use 
3. How to use these services 
 
Briefly, the mobile device must have access to 
sufficient information to perform: 
1. Service discovery 
2. Service matching 
3. Service initiation 
 
The current 802.21 MIHF provides the upper 
layers on the mobile node with information 
necessary to perform handover, i.e. the change of 
the connection links but does not supply any 
information about services. Therefore, in this paper, 
we propose to extend the information service of the 
MIHF to cover service information which is 
required in the service discovery, service matching 
and service initiation. 
 
5.1. Service Discovery 
 
Service discovery is a process of obtaining a 
set of services which can possibly fulfill a user 
request [5]. Thus, the devices may automatically 
discover network services including their 
properties, and services may advertise their 
existence in a dynamic way [6]. The primarily 
service discovery is limited only to a specific 
geographical scope and in a fixed infrastructure. 
The discovery is just in syntactic level and use the 
attribute-value scheme hence sometimes may give 
an irrelevant match to the result. Some of the 
service discovery protocols introduced are such as 
Jini [7], UPnP [8], Salutation [9] and Service 
Location Protocol (SLP) [10]. However, as the 
mobile services growth in a dynamic environment, 
there is a need to have a service discovery in a 
semantic level. The semantic service discovery is 
using an ontology-based approach which can 
provide an ontological framework that is capable to 
describe and process the services. In order to 
implement the service discovery there are few 
items needed which are: 
5.1.1. Service Naming. Service naming is a 
method on how the service is called. To support 
service invocation and access to resources, a 
service or resource must be uniquely identifiable 
and addressable [11]. In order to do that, a name is 
assign to the service and name resolution will map 
the name to an address. Through the service 
naming, it will allow for abstracting the identity of 
a service or resource from its location and access 
mechanism.   
5.1.2. Service Classification. Service 
classification is a process of assigning a class to a 
service, indicating the domain/category a service 
belongs to.  
5.1.3. Service Listing. The classification of the 
services will then be detailed out by the service 
listing. An example of service classification and 
service listing is as illustrated in Figure 7.  
 
Figure 7. Service Classification and Service 
Listing 
Communication services is the unique name 
that identifies the service. It is then classified into 
two categories which are telephony and messaging. 
The telephony is classified into two which are 
voice and multimedia. Under voice classification, 
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there are circuit-switched and packet-switched. 
GSM is an example of voice telephony using 
circuit-switched while Voice over Internet Protocol 
(VoIP) is an example of voice telephony using 
packet-switched. 
Under the VoIP classification, there are types 
of services listed which are Skype, Vonage, 
MobiVoIP, Truphone and Mobivox. During the 
service discovery, all the services under VoIP 
classification will be listed and user may choose 
which one that match with their requirement. 
However, in having the listing of the services there 
are some factors that need to be considered such as 
the size of the listing as well as the quantity of the 
listing. If the listing consists of so many services it 
will increase the size and the quantity of the 
classification and may result inefficiency in service 
discovery process. 
 
5.2. Service Matching 
 
Service matching is the process of comparing 
the service request against the available service 
advertisements and determining which service best 
satisfies the request [12]. As discussed previously, 
there are two types of service matching approach 
which are syntactic and semantic. The syntactic 
approach service matching will only do the 
comparison based on attributes or interfaces while 
the semantic approach requires a service 
description complete with the ontology definition 
and a service engine with reasoning mechanism 
[13].  
Referred to [14] the matching process is 
organized as a series of five filters which are 
namespace filter, text filter, domain filter, i/o type 
filter and constraint filter. Each filter is independent 
of each other. Each of them narrows the set of 
matching candidates with respect to a given filter 
criterion. 
The matching process should be accurate and 
fast at the same time. Two factors should be 
considered which are response time and scalability.  
 
5.3. Service Initiation 
 
As stated earlier, to ensure service continuity 
the mobile device needs to have the information 
about the services that are available which is done 
by service discovery, which services that the 
mobile device wants to use which is solved by 
service matching and last one is how to use the 
service which is through the service initiation. 
Before the service can be used or initiated there are 
some information which is necessary such as what 
are the components of the services are and how to 
initiate them. As referred to [15], there are seven 
service composition classes which are activity, 
condition, event, flow, message, provider and role.  
Once the service components have been 
identified, it is then can be initiated by having the 
exchange of data or messages between an 
associations of participants. It is important that they 
have to agree on a characterization of a session that 
they would like to share and from there only the 
service continuity can be ensured. 
5.4. Additions to MIHF 
Two additional functions have been identified 
in the current MIHF in order to support service 
continuity. Figure 8 illustrates the additional 
functions which are service information and service 
description.  
 
Figure 8. An extension of MIHF 
6. Conclusion  
The current IEEE 802.21 Media Independent 
Handover Services facilitate handover across 
heterogeneous access networks through exchanging 
of messages by the shim layer, MIHF in both 
mobile node and network elements. However, it 
does not support service continuity when the new 
access network is belongs to different network 
operators or is not incorporated in the same core 
network. In this case, service continuity does not 
require only the change of link but also the change 
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of the service components. In order to ensure 
service continuity, we identified the need for 
additional functionality in the current MIHF which 
are service information and service description. The 
service information provides details about service 
components in both the mobile and the network. 
Details of the service are described in the service 
description such as service name, service 
classification and service listing. By using the 
provided information the service can be discovered, 
matched and initiated. Further works of this 
research will be the design and implementation of 
these functions. 
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Abstract - Future mobile environments will consist 
of various network systems that compete to offer 
services to mobile users. The challenge for the 
mobile user is to discover the available services 
and to select the desired services since similar 
services can have different names and services 
with same name can be totally or partially 
different. Furthermore, the service discovery must 
be accomplished in minimum time to ensure 
service continuity. A sound service naming 
scheme is a necessity in future mobile 
environments. The goal of this paper is to shed 
light on the service naming area and to propose a 
service naming scheme which is suitable for a 
future mobile environment where a mobile device 
can have connection to several heterogeneous 
network systems. The paper highlights the 
definitions used in service naming scheme. Some 
existing service naming schemes and related 
works are studied and reviewed. The notion of 
service is also clarified, which is defined as a work 
done by the system servers that benefits the end-
user. The high-level requirements of the service 
naming is then identified and based on that 
eventually a service naming scheme for future 
mobile services is proposed.  
 
Keyword - dynamic, service discovery, service 
matching, service naming, classification 
 
I. INTRODUCTION 
 
Lately, there are emerging mobile phones, called 
multi-band and multi-mode that are equipped with 
multiple access technologies enabling connections 
with multiple network systems. It is hence natural to 
expect that the connectivity and service availability 
will be improved. Unfortunately, quite often only one 
connection with one network system is used at a time  
e.g. Global System for Mobile Communications 
(GSM), General Packet Radio Service (GPRS), 
Universal Mobile Telecommunication System 
(UMTS), Wireless Local Area Network (WLAN), 
etc. The available services are hence limited to the 
ones offered by this network system. In a close future 
multiple connections can be established 
simultaneously and the mobile device will have 
access to a wider range of services. The challenge for 
the mobile device is then to discover the services, 
figure out their functions, select the desired services, 
acquire their protocols, syntax and formats and 
finally invoke the desired services. In other words, 
the mobile device must know what a service with the 
name “a” is offering. This could be quite difficult and 
time consuming when multiple heterogeneous 
network systems with different concepts and 
conventions are involved. In fact, the process can be 
indeterministic and unable to accomplish. It is hence 
crucial to have a sound service naming scheme. Such 
a service naming scheme could be incorporated in an 
extension to the IEEE 802.21 Media Independent 
Handover Services [1] which is aiming at enabling 
service continuity as proposed in [2].  
This paper starts the review of existing service 
naming schemes and works. Before starting with the 
elaboration of the service naming the notion of 
service is also clarified. Next, a definition of the 
service naming is given. The high level requirements 
on the service naming schemes are then described. A 
service naming will then be deduced and constructed 
gradually step by step. The paper concludes with 
some remarks on the proposed service naming. 
 
II. EXISTING SERVICE NAMING 
SCHEMES AND RELATED WORKS 
 
In order to obtain a sound and usable service 
naming scheme and to avoid re-inventing the wheel 
all the relevant existing service naming and related 
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works will now be successively examined 
thoroughly. 
 
A. Domain Name System (DNS)  
 
Domain Name System (DNS) mapping host 
names to IP addresses using a predefined hierarchical 
naming scheme [3]. The highest level is the root of 
the hierarchy-tree contains number of domains, each 
of which can contain individual objects (names) 
and/or lower-level domains. Lower-level domains 
can in turn have still lower-level domains, allowing 
the tree as a whole to take on an arbitrary structure.  
It is usually consists of two or more segments 
written separated by dots (e.g., www.ntnu.no) and 
implements a distributed (keyword-based) redirection 
service. When the DNS resolver first query, it will 
interprets the name segment by segment (from right 
to left) using an iterative search procedure. The 
rightmost level is the top level domain and each label 
to the left specifies a subdivision or subdomain of the 
domain above it. The corresponding DNS server will 
then provide a pointer to the next server which it 
should consult. It will then query one of the root 
servers to find the server authoritative for the next 
level down. Next, it will query the second server for 
the address of a DNS server with detailed knowledge 
of the second level domain and the process continues 
until the final step. It helps names to be organized 
from most general to most specific. 
The domain name has hierarchic architecture 
which can be inspired in the service naming for 
future mobile services since it can contribute to 
reduce the matching time. Unfortunately, it does not 
allow any encapsulation of semantic which is 
necessary in the service matching for service 
continuity. 
 
B. Service Location Protocol (SLP) 
 
Service Location Protocol (SLP) uses Uniform 
Resource Locator (URL) to locate the service based 
on the description of the service requested by the user 
[4]. It consists of 3 entities which are: User Agent 
(UA) that initiates service discovery on behalf of 
clients, Service Agent (SA) that advertises the 
location of one or more services and Directory Agent 
(DA) that acts as a centralized repository for service 
location information. 
The Service Location Protocol is focusing only 
on the discovery, location and configuration of 
services and does not address sufficiently the service 
matching. In fact, only the service type does contain 
about the semantic of the service and it is definitely 
inadequate in a world where almost everything can 
be a service which can be defined by anyone. 
 
C. Jini 
In Jini, lookup service is used for the services to 
register themselves before they can be used by the 
clients [5]. The registration provides information on 
what are the services they offered and their locations. 
When a client wishes to use a service, it will send a 
service template containing description of the service 
that is requested. The lookup service then returns 
information on matching services. 
With the Java RMI as its protocol, Jini supports 
the interoperability function which is one of the 
requirements in the service naming for future mobile 
services. However, it‘s attribute-based search only 
provides syntactic comparison based on attributes 
and interface, thus unable to identify equivalent 
concept. 
 
D. OMG’s Naming Service 
 
The Object Management Group’s (OMG’s) 
Naming Service maps a name to remote object 
reference by using the “naming graph” as the 
directed graph with nodes and labelled edges [6]. A 
naming graph allows more complex names to 
reference an object. Given a context in a naming 
graph, a sequence of names can reference an object. 
This sequence of names (called a compound name) 
defines a path in the naming graph to navigate the 
resolution process.  
The architecture of OMG’s naming service 
fulfils partially the requirements of service naming 
for future mobile services because it supports 
distributed and heterogeneous implementation and 
requires no dependencies on other interfaces which 
allow interoperability with other existing service 
naming schemes. However, it’s only use to locate the 
service based on the naming contexts hence does not 
sufficient enough to do service matching in future 
mobile services where anybody can define anything 
as a service. 
 
III. CLARIFICATION OF THE SERVICE 
NOTION 
 
Before proceeding with the specification of the 
service naming it is essential to clarify the notion of 
service. There is currently no consensus on the 
definition of a service. In this paper, a service is 
defined as a work done by the system servers that 
benefits the end-user. 
The system can include entities like user’s 
devices, the network and all the available servers. A 
service is hence realized by hardware and software 
components located at the mentioned entities. 
It is envisaged that in the future anything can be 
a service and it is consequently impossible predict 
the number or the nature of the services. There is no 
consensus on how services should be classified. 
 145 
 
However, in order to specify a sound service naming 
scheme it is necessary to have a simple classification 
of services as follows: 
o Communication services: 
o Synchronous: telephony, multimedia 
telephony, conference, etc. 
o Asynchronous: Short Message Service 
(SMS), Multimedia Messaging Service 
(MMS), Instant Messaging (IM), e-
mail, etc. 
o Information services: 
o Browser 
o Search 
o Input services: 
o Read 
o Scan 
o Output services: 
o Display 
o Printer 
o Commerce services: 
o Visit net shop, select and pay 
o Banking services: 
o Access to bank account 
o Travelling services: 
o Flight 
o Car rental 
o Boat 
o Taxi 
o Bus 
o Cinema 
o Restaurant 
o Hotel 
For each service type there may be defined sub-
services as well. For example, the restaurant service 
may have but is not limited to the following sub-
services: 
o List: to list all the restaurant at a location 
o Find: to find all restaurants or a particular 
type of restaurant at a location 
o Book: to book a table at the restaurant 
 
IV. DEFINITION OF SERVICE NAMING 
 
A service naming scheme is a system for 
assigning names to services. At first thought such a 
system may be quite simple but it is not. Indeed, a 
naming scheme includes several notions that can be 
quite confusing as follows: 
x A naming policy provides guidelines aimed at 
ensuring the appropriate naming. Briefly, it indicates 
the aims of the naming scheme and consists of 
criteria or requirements such as: 
o Should be uniquely identifiable 
o Should be readable and understandable by 
human being 
x A naming convention is a convention for 
naming things. The intent is to allow useful 
information to be deduced from the names based on 
regularities. For instance, in manhattan streets are 
numbered, with east-west streets being called 
“streets” and north-south streets called “avenues”. 
Well-chosen naming conventions aid the casual user 
in navigating larger structures. 
In computer programming, a naming convention 
is a set of rules for choosing the character sequence 
to be used for identifiers in source code and 
documentation. Reasons for using a naming 
convention (as opposed to allowing programmers to 
choose any character sequence) include the 
following: 
x To reduce the effort needed to read and 
understand source code 
x To enhance source code appearance (for 
example, by disallowing overly long names 
or abbreviations). 
 Naming conventions will ease the application of 
computerized lexical analysis and processing and 
will further [7]: 
x Reduce lexical variance 
x Increase human term recognition velocity 
x Increase precision in the interpreted 
meaning conveyed by name 
x Increase precision and recall in term query 
results 
x Help automatic string matching 
x A nomenclature refers to a set or system of 
names or terms including the rules used for forming 
the names as those used in a particular science or art, 
by an individual or community, etc. Nomenclature 
may refer to biology, astronomy, chemistry, 
metallurgy, etc. A nomenclature includes hence a 
name policy and a name convention. 
x A namespace is an abstract container providing 
context for the items (names, or technical terms, or 
words) it holds and allowing disambiguation of items 
having the same name (residing in different 
namespaces). 
x A name-to-object association is called a name 
binding [6]. A name binding is always defined 
relative to a naming context. A naming context is an 
object that contains a set of name bindings in which 
each name is unique. Different names can be bound 
to an object in the same or different contexts at the 
same time. 
x A name resolution (also called name lookup) is 
the process to determine the object associated with a 
name in a given context. To bind a name is to create 
a name binding in a given context. A name is always 
resolved relative to a context – there are no absolute 
names. 
 
V. SERVICE NAMING POLICY 
 
The high-level requirements on the service 
naming schemes are as follows: 
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1. The service naming must allow fast service 
discovery: when the mobile device moves from one 
area to another one, it should be offered the 
possibility to discover new services quite quickly in 
order to replace the currently in use services before 
they disappear. 
2. A service name shall uniquely identify a service: 
once a name is registered for a service in a particular 
domain, there will not be any similar name to that 
service unless if it’s under the other administrative 
domain.  
3. A service name shall be comprehensive and give 
an indication about the services’ purposes and 
functions: from the service name anybody should be 
able to have a guess on what the service is offering. 
4. A service name shall be sufficiently simple to 
allow a fast service matching: the service matching 
here means the result of comparison between the user 
requirements and the service availability, where it 
occurs after the services are discovered. So, to offer 
service continuity to a mobile user who is changing 
environment it is crucial to have fast service 
matching which again requires simple service names. 
5. It shall be possible to assign several names to a 
service in different languages: in a global 
environment with multiple cultures and languages, it 
is necessary to support service names in different 
languages. 
6. It shall be possible to introduce aliases for a 
service: the reason for having aliases is to provide for 
transparency [8]. By having aliases it will help to 
identify the service function and makes the name 
easier to promote and remember. It also facilitates 
transfer of the service to different infrastructure when 
ever required. 
7. It shall be possible to use a short name for a 
service: as the service naming is used to uniquely 
identify and addressed the service, hence long name 
might be confusing and error prone. So it is possible 
to use a short name for a service. As an example 
explained in Unmanaged Internet Architecture (UIA) 
[9], the name work-pc can be used instead of using 
long globally unique names like work-
pc.nor.item.ntnu.no as been used in DNS. However 
in order to do that the name should be identical in its 
own administrative domain.  
8. It shall be possible and simple to introduce new 
services: as the services are uncountable in numbers 
and there can be new services introduced everyday, 
the services need hence to learn about each other 
dynamically and cooperatively so the service naming 
should allow for introducing new services and it 
should be simple. 
9. The service name scheme should be distributed 
and should allow more service providers to introduce 
any new service: there will always be multiple 
service providers which introduce new services in an 
uncoordinated way and the service name scheme 
should be able to cope with this. 
10. The service naming scheme should be flexible 
and interoperable with existing service naming 
schemes: since there will always exist other service 
naming it is desirable that the new service naming 
can interoperate with them. 
 
VI. SERVICE NAMING FOR FUTURE 
MOBILE SERVICES 
 
The proposed service naming scheme must 
fulfill the requirements specified in section V as 
follows: 
1. The service naming must allow fast service 
discovery: 
x This means that the service name must 
be as short as possible. We propose to use 
the commonly known noun of a service as 
its name. For example, the service to find 
and book a restaurant is simply named 
“restaurant”. 
2. A service name shall uniquely identify a 
service: 
x In order to avoid name collision, each 
service name should uniquely identify a 
service. Unfortunately, a short name as 
specified in the previous bullet may not be 
sufficient to uniquely identify a service 
because a noun may have different meaning 
in different context. For example, the word 
pen has five meanings: 
o Pen – a writing implement with a 
point from which ink flows 
o Pen – an enclosure for confining 
livestock 
o Playpen, pen – a portable enclosure 
in which babies may be left to play 
o Penitentiary, pen – a correctional 
institution for those convicted of 
major crimes 
o Pen – female swan 
x Consequently, it must be possible to 
expand the short name to a more composite 
or complete name, which uniquely identifies 
the service. It is necessary to have 
hierarchical structure, which allows gradual 
navigation towards higher hierarchical level 
and stepwise narrowing of the identification 
of the service and removal ambiguity. 
x For example, if “pen” is not sufficient 
to uniquely identify the service, a higher 
level component name may be fetched and 
use in the service matching. For example, 
the higher level name component of pen 
which is “writing” can be used in the service 
matching. If it is still ambiguous, the higher 
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name component, namely “instrument” can 
also be fetched and used. 
 
pen 
fountain Pen ball Pen 
writing 
instrument 
pen 
storage animal  
Enclosure 
submarine 
Dock 
pen 
place 
bird 
animal 
TOOL LOCATION ANIMAL 
Figure 1. Example of the name structure 
hierarchy 
x We propose that a service name 
structure which is inspired of the Uniform 
Resource Identifier (URI) as follows: 
x Semantically, the full name of a 
service will reflect the classification of 
the service in certain ontology. Figure 3 
shows that the service “pen” may be 
belong to three different ontologies. 
x Syntactically, a name consists of 
several component names separated by 
period as follows: 
<componentnamen>..<componentname1> 
Ex: instrument.writing.pen 
The shortest name is always used first. 
If it is ambiguous the service name will 
be gradually expanded until the service 
is uniquely identified. 
x To name a service properly it is 
hence necessary to associate a service 
to ontology and to determine its upper 
class. 
3. A service name shall be comprehensive and 
give an indication about the service’s purposes 
and functions: 
x Since almost everything can be a 
service from restaurant, cinema, hotel, taxi, 
etc. We propose to use the most common 
and shortest noun as name for a service. For 
example, there are many words which all 
denote a restaurant: restaurant, bistro, 
cafeteria, brasserie, etc. The most common 
word which is “restaurant” will then be 
used. 
4. A service name shall be sufficiently simple 
to allow a fast service matching: 
x To allow fast service matching, the 
service name should not be too long but it 
must neither be too short and hence be 
confounded with other services. Such 
confusion will require a second round of 
name comparison which will be time 
consuming. With our service name scheme a 
service will have composite name that can 
be quite long. However, it may not be 
necessary to use the full name but only a 
partial name like “writing.pen”. It is a 
challenge to choose the optimal length for 
service names. We propose an empirical 
approach for the determination of the 
service name length in which the shortest 
name of a service with only one component 
name should be used first. When a need for 
further expansion in the service matching 
occurs the service name will update with a 
longer name with the number of component 
name corresponding the expansion required 
in the service matching. 
5. It shall be possible to assign several names 
to a service in different languages:  
x A service name may have different 
names in different languages. For example, 
the service “taxi” is called “teksi” in malay, 
“taksiliito” in finnish, “cab” in uk, etc. 
These different names should belong to an 
equivalent class called taxi as follows: 
 
[taxi] = {x ɽ Sʜ X ~ taxi}  S: set of services  
 
~ is an equivalent relation which is 
x Reflexive: a ~ a  
x Symmetric: if a ~ b then b ~ a  
x Transitive: if a ~ b and b ~ c then a 
~ c 
Alternative, the equivalent class taxi 
can be expressed as follows: 
[taxi] = {taxi, teksi, taksiliito, cab,..} 
6. It shall be possible to introduce aliases for a 
service: 
x An alias is just another name that can 
be added to the equivalent class of the 
service as specified earlier. 
7. It shall be possible and simple to introduce 
new services and multiple service providers 
should be able to introduce new services: 
x To introduce new service new name has 
to be created. To avoid name collision 
which can create confusion and increase the 
service matching time, it is necessary to 
check whether a name has been used before. 
If it is the case it may be actual to 
investigate whether it is the same service or 
not. If the services are similar there is no 
need to introduce a new one. If the services 
are different it may be necessary to examine 
the differences. If the differences are minor 
and the services are related to each other, it 
is necessary to classify the new service as 
either parent or child of the existing service 
class. If there are too many differences a 
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new service name should be chosen for the 
new service. One approach that can be used 
is by implementing a domain specific 
ontology where the same term may be used 
to denote different concepts. It is able to 
determine the relevance of an information 
source before accessing the underlying data 
and supporting wider accessibility of data 
via multiple ontologies and interoperation 
across them based on semantic relationships 
such as synonyms, hyponyms and 
hypernyms [10]. For name checking it is 
necessary to have a service registry which is 
ubiquitously available. For each service 
there should also be description or 
references to description that enable service 
providers to understand about the services. 
The service registry must also offer 
registration and deregistration service. 
8. The service naming scheme should be 
flexible and interoperable with existing service 
naming schemes: 
x By allowing alias the proposed service 
naming scheme will allow associate a 
service class with existing services defined 
by existing systems such as Jini, UPnP, 
OMG, etc. 
 
VII. CONCLUSION 
 
Future mobile services should be discovered and 
composed dynamically according to the move of the 
user. In order to fulfill the real time requirement of 
the service discovery and matching it is crucial to 
have a sound and simple service naming scheme. In 
this paper, a service naming for future mobile 
services is proposed. This service naming allows full 
name which enable the unique identification of the 
services. However, to speed up the service matching 
only one or a few component names can be used for a 
service name. By introducing the service equivalent 
class the proposed service naming allows the usage 
of alias and names in many languages. The next step 
of this work will naturally be the implementation of 
the service naming scheme and the service registry. 
Since the 802.21 Media Independent Information 
Service is using XML and RDF (Resource 
Description Framework) it is natural that the 
proposed service naming scheme will be using the 
same technologies and eventually a more advanced 
semantic language such as the OWL (Web Ontology 
Language). 
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Abstract—Future mobile environment will see the open 
situation of mobile device that can be connected to several 
network systems offering heterogeneous sets of services using 
different names. In addition, the future mobile service can be 
anything and anybody including end-users can be service 
providers. This will result to the demand of having a dynamic 
and efficient service discovery and service matching. The 
paper discussed on the requirements of future service 
discovery based on the limitations found in the evaluation of 
existing service discovery schemes. Finally, the design of a 
future service discovery solution is proposed. 
Keywords-service discovery, service matching, dynamicity 
I. INTRODUCTION 
The advances in microelectronics and wireless access 
technologies allowing mobile terminal to be able to have 
many connections using different wireless access 
technologies with different networks. Consequently, the 
mobile terminal will be able to receive services from several 
heterogeneous networks. These can be different services or 
they can be different implementations of the same service 
which are competing for the selection of the user. Service 
discovery, which is the ability to discover and recognize the 
services available in a network will become one of the most 
important function for both the users and service providers. 
With the openness of future mobile Internet, it will allow 
anybody including the end-users to be service providers and 
a service can be anything. Hence it is unlikely that the 
service can have standardized name and type. For that, 
clarity and precision is a necessary condition guaranteeing 
that the service matching can always be accomplished in a 
determined period of time.  
This paper starts with the study and evaluation of 
existing service discovery schemes followed by the 
identification of the high-level requirements of service 
discovery for future mobile services. Next the design of a 
future service discovery solution is elaborated and finally 
the paper ends with conclusions and propositions for future 
works. 
 
II. EXISTING SERVICE DISCOVERY SCHEMES 
In order to avoid re-inventing the wheel all the relevant 
existing service discovery schemes will be successively 
examined. 
 
A. Jini  
Jini is a distributed computing environment for entities 
running a Java Virtual Machine (VM) [1]. It has three main 
components called Services, Lookup Services and Clients. 
In order to discover the services and communicate with each 
other, the Clients and Service Providers need to locate the 
Lookup Service. There are three ways of doing it which are 
either by unicast, if the Clients know directly the address of 
the Lookup Service, multicast request from the Clients to 
the Lookup Services or multicast announcement from the 
Lookup Service to the Clients for the advertisement of the 
services available. Even though Jini has the code-mobility 
function which provides many benefits including non-
protocol dependence but it appears in a discrete mobility 
environment where the availability of services are within the 
certain areas or access points only. The services are not 
available while moving from one area to another hence, 
might disrupt the seamless service connectivity.  
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B. Universal Plug and Play (UPnP) 
UPnP is an architecture introduced by Microsoft for 
pervasive peer-to-peer network connectivity of intelligent 
appliances, wireless devices and PCs of all form factors [2]. 
It has three main components which are Control Points, 
Devices and Clients. Three steps involved in providing 
services which are to get an address, discovery and 
description. The description is divided into two which are a 
device description and one or more service descriptions; all 
are expressed in XML. After the three steps has 
accomplished, there are three alternative actions which are 
controlling the service, eventing the service and presenting 
the service which is in the HTML-based user interface. With 
the XML format used in its communication messages, it 
provides platform and programming language independent 
thus, greatly increases interoperability between devices. 
However, the devices in UPnP architecture need to be pre-
defined thus limit the flexibility function of service 
discovery especially during the introduction of new 
services.  
 
C. Salutation 
Salutation is non-proprietary and royalty free service 
which intended for binding application, devices and services 
independent of OS, transport and product class [3]. It 
consists of Functional Unit (FU), Salutation Manager 
(SLM) and Transport Manager (TM). As a service broker, 
SLM provides four main functions which are service 
registry, service discovery, service availability and service 
session management. If there is a service available the FU 
will register with SLM which define the service function. 
When a client asks the SLM to provide on a particular 
service based on the requirement given, the SLM will reply 
to the request which give the information on the services 
that the FU offers. The interface between SLM and TM 
(called SLM-TI) makes Salutation as a processor, OS and 
communication protocol independent. Unfortunately the 
definition of the service should be accurate in order to find 
the match service. Otherwise client who searches for the 
specific service might get wrong return results hence, 
introduce long matching function or fail service discovery. 
 
D. Web services 
Web service (WS) is a software system designed to 
support interoperable machine-to-machine interaction over a 
network [4]. It consists of three main components: Simple 
Object Access Protocol (SOAP), Web Services Description 
Language (WSDL) and Universal Description Discovery 
and Integration (UDDI). In order to publish a service, the 
Service Provider needs to register with the UDDI first. The 
description and functions of the WS is written in WSDL. 
When the UDDI receives the service registration from the 
Service Provider, it may advertise or send announcement to 
other WS Clients on the existence and the availability of the 
services. The WS Client can also actively request for the 
service from the UDDI. If there’s a service match, the 
UDDI will send the URL to the WS Client and the service 
can be invoked directly via the SOAP over HTTP. Even 
though the introduction of WS architecture has facilitated 
the business service information but there is a limitation in 
terms of the service discovery standards. Two identical 
service descriptions may mean very different things 
depending on the context of their use and proves to be a 
major limitation for capability matching.  
 
E. Limitation of current service discovery solutions 
Based on the evaluation of the existing service discovery 
schemes some major limitations are found as follows: 
1) Since in the future mobile environment various 
network systems are competing to offer services to mobile 
users, the mobile terminal will then be able to receive 
services from several heterogeneous networks. The 
challenge now is to ensure that the services are still 
available and can be delivered to the user during the change 
of the network which is a major constraint in the existing 
service discovery schemes. 
2) The service needs to be pre-defined (for example, in 
UPnP architecture the devices need to be pre-defined with 
vendor-specific information). Hence, does not support 
flexibility function especially when introducing new 
services. 
3) The service name should be accurate in order to 
match with the user requirement or otherwise the service is 
not recognized (no service matching). 
4) Different term and perspectives or knowledge of the 
service from the user and the service provider. For example, 
two identical services can have different name or the service 
with the same name can be totally or partially different. 
 
III. FUTURE SERVICE DISCOVERY REQUIREMENTS 
In future mobile environment mobile devices will be 
able to perform handover between access networks to 
improve connectivity as explained in [5]. To ensure service 
continuity, services in the network must be discovered 
rapidly. However, due to the plurality and diversity of the 
services introduced by different players at different times 
and places it is quite challenging to identify services rapidly 
and new service discovery system is required. By studying 
the future mobile environment where the mobile device can 
be connected simultaneously to several network systems 
offering heterogeneous sets of services using different 
names the following high-level requirements for future 
service discovery are derived as follows: 
 
1. The service discovery must be efficient and capable to 
discover the services in a reasonable amount of time. Since 
the mobile devices may moves very rapidly from one 
network to another the service discovery must be able to 
find the new services very quickly in order to replace the 
currently in-use services before they are disconnected. 
2. The service discovery must be interoperable and flexible 
especially during the introduction of new services. The 
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future service discovery must be able to discover services 
that are name according to current service discovery. 
Furthermore, in the future a service can be anything and 
offered by anybody. Consequently, the definition and 
naming of the service might be ad-hoc and the service 
discovery should allow introducing new services gradually. 
3. The service discovery must be accurate and must not 
yield erroneous results. The future service discovery must 
not for example conclude that a service is doing one thing 
while it is offering something else.  
4. The service discovery must be reliable and capable to 
discover all existing services. Even though the service name 
define might be different but the service discovery scheme 
should be able to recognize the service and know what they 
are doing. 
5. The service discovery must be able to handle different 
terms used in the similar service. Some services might 
known or be called as other name in other countries or 
district. For example a flight service which is very common 
name in most part of the world, but in some countries flight 
or airplane is also known as other name such as “Fly” in 
Norway, “Avión” in Spain and “Kapal Terbang” in 
Malaysia. For that, the future service discovery should be 
able to understand the terms used and the services can still 
be discovered even though it is using different service name.  
6. The service discovery must be able to handle that 
services with same name can be different. For example a 
user might think “Book service” as a service that provides 
information about books but service provider might use the 
term “Book service” as a booking service or reservation 
service.  
7. The service discovery must be usable in a multi service 
provider environment where same service can be offered by 
several service providers with different names. Since there 
will always be multiple service providers want to introduce 
new service and it will happen in uncoordinated way, the 
service discovery should be able to allow the same service 
to be define in the equivalent services and from there 
different name can be introduced by several service 
providers. 
8. The service discovery must be usable in a multi service 
provider environment where different services can be 
offered by several service providers with same names. There 
are also possibilities that the different services may be 
define with same names by several service providers, for 
example service provider A offering “Pizza service” as an 
order pizza service while service provider B might only 
offering “Pizza service” as a comparison of pizza price in 
the market. The service discovery should be able to 
distinguish between the services with the same name. 
9. The service discovery must be able to handle services 
that are partially similar. Some services offered might look 
the same but can have partially different function, which we 
called as partially similar. For example, an “ordering service” 
can be a service offering from dialling a phone number to a 
party to make order until the service is delivered to the user 
but some “ordering service” might only provide the 
information of the contact person to make the order and the 
rest should be done by the user themselves. 
10. The service discovery must be able to handle services 
that are a subset of another service. There are also some 
services that are subset of another service such as “Pay Taxi” 
which is a subset of a “Taxi” service. For that the service 
discovery should be able to define the subset service is in 
within the certain service domain ontology.  
11. The service discovery must be updated and only 
available services shall be returned. Since in the future 
mobile service environment, the status of the services 
offered and its service information will be dynamically 
change thus it is very important to ensure that the service 
discovery been acquainted with the changes. 
12. The service discovery must allow personalisation so that 
the service discovered matched with user preferences. 
Current trend of mobile services allow user to personalise 
the services that they subscribed or used based on their 
preferences.  
13. The service discovery must be able to find services that 
are suitable to run with the specific device use by the user. 
Apart of knowing the capabilities of the services discovered, 
it is also important for the service discovery to have the 
knowledge about the user device capability (device-aware 
features) because some services that are discovered might 
not be compatibly matched with the device in use.  
 
IV. DESIGN OF A FUTURE SERVICE DISCOVERY SCHEMES 
Based on the limitations listed in Section II, the future 
service discovery requirements are deduced as explained in 
Section III. From there, the design process can be 
conducted. To have a clear and precise picture on the whole 
process of service discovery and service matching in future 
mobile services, we adopt the Unified Modeling Language 
(UML) [6] use case diagram illustrated to capture the high 
level requirements.  
 
Figure 1 Use case diagram of Future service discovery system 
 
As shown in Figure 1 there identified four use cases 
requested by two players, the user and the service provider 
as follows: 
x User (client):  
o Discover the services 
o Select a service 
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o Find a service 
x Service provider:  
o Register a service 
The four use cases represent the high level requirements of 
the future service discovery system. 
A. Use case “Register a service” 
In the current situation where the mobile phone is 
connected to a mobile network (e.g. GSM or UMTS), the 
service that is offered by the network has a standardized 
naming and service number, for example service name 
telephony with a dedicated service number which uniquely 
identify the service. From there if the client wants to find 
the service, a direct syntax matching can be done. But in the 
future, the mobile phone is connected to multiple 
heterogeneous networks and thus able to be access to 
services with different name that the client might not know. 
The issues are how the device can find out about the 
services and how the service is named. The syntax matching 
can no longer rely on the service name, service number, 
service type and attribute. To solve this issue, we propose a 
semantic service matching based on ontology. The 
convention on how a service name should be is clearly 
specified in the paper [7]. A template to be used by a 
Service Provider at registration of services is illustrated in 
Table 1.  
Table 1 Example of Template for Future service naming scheme 
Field Description 
Service 
name 
A short ‘noun’ and common service name 
is used for e.g. “restaurant” to refer to 
place that serves food.   
Service 
equivalent 
class 
x It is used for service with different 
name but having same service instances.  
x It can also refer to services called by 
different languages (alias). 
For e.g. [Restaurant] = {Restaurant, 
Ristorante, Cafe, Warung, …} 
Hierarchical 
structure 
The hierarchical structure of the service 
name shows in which classification the 
service is in. This is very important 
especially for the service with the same 
name that can be different (e.g. Book that 
refers to an object or book which refers to 
a verb that means reservation) 
Next level 
service 
x If the service name is not sufficient 
during service matching, next level 
service name will be check until there is 
no ambiguity and the final service 
definition is retrieved. 
x It can also be used to find partial 
match (e.g. If the taxi service cannot be 
found, the service matching will go to the 
next level to see in which 
group/classification the service is in and 
suggest alternatives, in this case the bus or 
train which falls under the transportation 
group/classification is found as partial 
match) 
Service 
name 
structure 
The service name is in the URI format 
which contains 
<componentnamen>…<componentname1
>  
For e.g. Reservation.Place.Book 
 
This template will be written in XML and stored in the 
Service Infobase for Service Provider guideline. Figure 2 
shows a collaboration diagram for a use case “Register a 
service” and Figure 3 is the sequence diagram for the use 
case showing the sequence of execution. As shown in 
Figure 2 the use case starts as follows: 
1) When the Service Provider wants to register a 
service, it first needs to ask the Service Broker to check on 
the existing service name. If the service is already exist, the 
Service Provider will register the service with the same 
service name otherwise the Service Provider will need to 
look at the service equivalent to check on the same service 
with a different name. The Service Provider registers the 
service with service information reference (template shows 
in Table 1). 
2) Once the Service Broker receives the registration, 
it will broadcast the service with service information 
reference to the Client and at the same time update the 
service info to the Service Infobase. 
 
Figure 2 Collaboration diagram for “Register a service” 
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Figure 3 Sequence diagram for “Register a service” 
 
B. Use case “Discover the services” 
 
Figure 4 Collaboration diagram for “Discover the services” – alternative 1 
 
Figure 5 Collaboration diagram for “Discover the services” – alternative 2 
 
 
Figure 6 Sequence diagram for “Discover the services” – alternative 1 
 
Figure 7 Sequence diagram for “Discover the services” – alternative 2 
 
Figure 4 and Figure 5  shows collaboration diagrams for a 
use case “Discover the services” and Figure 6 and Figure 7 
are the sequence diagrams for the use case with two 
alternatives, either the service broker is broadcasting the list 
of available services or the client request for the available 
services to the service broker. As shown in Figure 4 the use 
case starts as follows: 
1) The Service Broker broadcasts the list of available 
services to the Client. There are two ways of broadcasting 
the services, either by periodically broadcasting the services 
within certain amount of time or upon new 
arrival/registration of a service. The broadcast method 
requires less power from the mobile phone since it can 
simply accept the list of available services from the service 
broker. However, the Client will need to synchronise before 
being able to get the list of available services and this may 
take time. The consequence is that the mobile device may 
loose contact with former service components before the 
new one is discovered and this result onto service 
discontinuity. 
 
Figure 5 is the alternative for the use case “Discover the 
services” that starts as follows: 
1) The Client first initiates a request on the list of 
available services. The request for the available services 
could be done in two ways: either the Client subscribes for 
the service or the Client just moves to a new area and would 
like to enquire on the available services. 
2) Once the Service Broker receives the request, it 
will return the list of available services. For this method, the 
requester (Client) and the Service Brokers (there could be 
several service brokers at a location) are supposed to listen 
and respond to the request or in the case of Media 
Independent Handover (MIH) [8], there is a dedicated 
channel (or address) reserved for a unique and centralised 
Service Broker and the Client can send the request directly 
to it.  
 
Therefore some important points need to be considered as 
follows: 
x The list of available services must be usable and 
comprehensive but not too exhaustive due to the 
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limitation in bandwidth of the wireless link, storage 
capacity of the mobile device, high latency, etc. 
x The list should not contain all the service details 
but only the strict minimum such as service name 
and reference to service information. 
x The list must have syntax and semantic which is 
comprehensive for both the client and the service 
broker. 
 
C. Use case “Select a service” 
 
Figure 8 Collaboration diagram for “Select a service” – alternative 1 
 
Figure 9 Collaboration diagram for “Select a service” – alternative 2 
 
 
Figure 10 Sequence diagram for “Select a service” – alternative 1 
 
 
Figure 11 Sequence diagram for “Select a service” – alternative 2 
 
Figure 8 and Figure 9 show the collaboration diagrams for a 
use case “Select a service” and Figure 10 and Figure 11 
depict the sequence diagrams for the use case with two 
alternatives: either to have the selection of the service 
manually by the client or to automate the selection. As 
shown in Figure 8 the use case “Select a service” (manually) 
starts as follows: 
1) The Client initiates service matching by sending 
the service name and the list of available services to the 
Service Matcher.  
2) The Service Matcher then sends a request of 
service information to the Service Infobase.
3) The Service Infobase will return the service 
information to the Service Matcher. 
4) Upon receiving the service information, the Service 
Matcher will perform service matching.  
 
On the other hand, in the second alternative as illustrated in 
Figure 9, the selection of the service is done automatically 
and the use case starts as follows: 
1) The Client initiates service matching by sending 
the service name, the list of available services together with 
predefine requirements (such as user personalisation and 
device adaptability) to the Service Matcher.  
2) The Service Matcher then sends a request of 
service information to the Service Infobase.
3) The Service Infobase will return the service 
information to the Service Matcher. 
4) After the service information is received, the 
Service Matcher will perform service matching and check 
also the predefined requirements sent by the Client. By 
implementing this method optimization will be achieved 
and results to an efficient service matching because in some 
cases there are possibilities of the matching result that does 
not comply/suit with user personalisation or user-device 
adaptability and is hence a waste of the time.   
 
There are some important points that need to be considered 
as follows: 
x It is necessary to introduce metrics for defining the 
‘best offer’ for an automate service matching or via 
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optimization algorithm implemented on the client’s 
side, such as shortest routing path or lowest hop 
count. 
x The Service Matcher could be located either in the 
Client side or in the Network side. The advantage 
of having the Service Matcher in the Client side is 
to ensure the mobile phone’s full control on the 
service matching but this will consume more 
power. Having a service matching function in the 
Network side will reduce the processing time in the 
client and hence increase the performance 
efficiency but there is a risk for connection loss.  
x The service information in the Service Infobase can 
be distributed in the World Wide Web (WWW) or 
stored in the MIH. If the Service Infobase is in 
WWW it will be accessible by any service 
providers. Being integrated in the MIH simplify the 
implementation 
D. Use case “Find a service” 
 
Figure 12 Collaboration diagram for Find a service 
 
 
Figure 13 Sequence diagram for Find a service 
 
Figure 12 shows collaboration diagram for a use case “Find 
a service” and Figure 13 depicts the sequence diagram. As 
shown in Figure 12 the use case starts as follows: 
1) The Service Provider registers for a new service 
and when a Client moves to a location, it will find a service 
by sending service information reference to the Service 
Broker. 
2) Service Broker will initiate service matching by 
sending the service name and the list of the available 
services to the Service Matcher. In this case, the Service 
Matcher is located at the network side.  
3) The Service Matcher then send request of service 
information to the Service Infobase. 
4) The Service Infobase will return the service 
information to the Service Matcher. 
5) After receiving the service information, the Service 
Matcher will perform service matching and return the 
matching results to the Service Broker. 
6) The Service Broker then will return the matching 
result together with service reference to the Client. 
7) Upon receiving the service matched, the Client will 
send request for the service directly to the Service Provider. 
CONCLUSION 
The openness of future mobile Internet and the 
dynamicity of the mobile services has called for a sound 
service discovery and matching. The introduction of new 
service should be flexible and support for multi-service 
provider environment. In this paper, the design of a future 
service discovery solution is proposed. It has to also 
consider few situations which are illustrated by the use case 
diagrams. The next step of this work will be the 
implementation of the service discovery and matching. The 
visualization and implementation are also important tasks to 
be carried out. 
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Abstract: In future ubiquitous communication systems, a service can be anything and introduced by 
anybody. Consequently, same or equivalent services may have different names and services with same 
name or type may be completely different. Existing service discovery systems are incapable of handling 
these situations. We propose a future service discovery, which is able to discover all these new service 
types. In addition, it is capable to find services that are not exact matches of the requested ones. More 
semantics are introduced through attributes like EquivalenceClass, ParentType and Keywords. 
 
Keywords: Service advertisement, service discovery, service lookup, service matching, service 
registration 
1 Introduction 
In this research, a future service discovery system is proposed to solve the problem of discovering services in 
a ubiquitous communication environment, where similar services can have different names in different 
languages and services with same name may not offer the same functions and capabilities. The requirements 
on future service discovery systems are derived and more details can be found in [1]. The future service 
discovery system consists of service registration, service advertisement and request and service matching.  
For the service registration the service provider must supply the details about the service that are 
necessary to detect, identify and use the service as follows: 
x Service name – to denote and recognise the service. We propose to extend the service name format of 
future service discovery to allow any language. 
x Service type – to carry on a search and identification of the functions offered by the service. There are 
three options of service type which are: 
o Brand-new service type – without relation with any existing service type. Hence the ParentType has 
to be set to nil and the EquivalentClass is then left empty. 
o Equivalent service type - the service type has a different name and may be another implementation 
but is equivalent to an existing service type. The service provider has to add the name of the existing 
service type and also all the known service type in different languages. 
o Subtype of an existing service type - The service type has all the functions and features of an existing 
service type but has also additional ones. The ParentType is hence indicated. 
There are two alternatives for implementing service advertisement: 
x The service registry or broker can take the initiative and broadcast the list of available services 
periodically. 
x A client wanting to find services issues a request for a list of available services to the service registry. 
 
However, both alternatives have their own advantages and disadvantages hence, selection of appropriate 
alternatives has to be considered and empirical methods have to be used. Anterior service advertisement may 
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be a solution to be considered. Service advertisement can be made before the mobile user enters the location 
thus contribute to speeding up the service discovery and ensuring service continuity. 
Instead of asking for the list of available services and carrying the service matching itself the client can 
request for a particular service or set of services. However, they may not have the opportunity to discover 
new and unknown services.  
The service matching can be performed by the mobile client after the acquisition of the list of available 
services or by the network system upon receipt of a service request. We propose to extend the match 
operation on the Equivalence class, Service subtyping and Keywords of the requested service type. 
2 Conclusions 
This research explains the necessity of an innovative service discovery capable of handling similar services 
with different name and different services with same name. A prototype is currently under development and 
will be accomplished in the near future. Next, the experiments with various number of clients, number of 
services, different bandwidths and complicated service ontology will be carry out. The collected results will 
then be used to optimise the service discovery prototype. Another relevant and exciting future work will be 
the contribution to the extension of the 802.21 MIHF (Media Independent Handover Function) [2] for devices 
equipped with multiple wireless access technologies. Such an extension will ensure service continuity across 
multiple heterogeneous access networks. 
References 
1. Kamal Bashah, N.S, Jørstad, I. & van Do, T: Service Discovery in Future Open Mobile Environments - Proc. the 
Fourth International Conference on Digital Society (ICDS2010) - February 10-16 2010. St. Maarten, Netherlands 
Antilles (2010), ISBN: 9780769539539 
2. Media Independent Handover Services, “Draft IEEE Standard for Local and Metropolitan Area Networks: Media 
Independent Handover Services”, IEEE P802.21/D7.1, (August 2007) 
 163 
 
 
 
 
 
 
PAPER 5: Service Discovery for Mobile Multi-
domain Multi-language Environments 
 
Nor Shahniza Kamal Bashah, Atif Bhatti, Imran Aslam Choudhary, Ivar Jørstad & 
Do van Thanh 
 
Proceedings of 6th IEEE International Conference on Wireless and Mobile 
Computing, Networking and Communications (WiMob 2010), Niagara Falls, 
Canada, 11 – 13th October 2010 
ISBN 978-1-4244-7742-5/10  
 164 
 
 165 
 
Service Discovery for mobile multi-domain multi-
language environments 
Nor Shahniza Kamal Bashah1, Atif Bhatti, 2  Imran Aslam Choudhary3, Ivar Jørstad4 & Do van Thanh5 
 
1Department of Telematics, NTNU, O.S. Bragstads Plass 2E, NO-7491 Trondheim, Norway- nor@item.ntnu.no   
2Department of Telematics, NTNU, O.S. Bragstads Plass 2E, NO-7491 Trondheim, Norway- bhattiatif@gmail.com   
3Department of Telematics, NTNU, O.S. Bragstads Plass 2E, NO-7491 Trondheim, Norway- iachouhdary@gmail.com   
4Ubisafe, Gamleveien 252, 2624 Lillehammer – Norway 
5Telenor & NTNU, Snaroyveien 30, 1331 Fornebu, Norway 
 
Abstract—In mobile multi-domain multi-language environments, 
a service can be anything and introduced by anybody. 
Consequently, same or equivalent services may have different 
names and services with same name or type may be completely 
different. Existing service discovery systems are incapable of 
handling these situations. We propose a service discovery, which 
is able to discover all these new service types. In addition, it is 
capable to find services that are not exact matches of the 
requested ones. More semantics are introduced through 
attributes like EquivalenceClass, ParentType and Keywords. 
Keywords-service discovery; service lookup; service 
advertisement; service request; service matching; semantic 
matching  
I. INTRODUCTION 
The popularity of the mobile phones reflects the user’s 
appreciation of the freedom, i.e. having access to any service 
anytime anywhere. However, so far the mobile services are 
mostly limited to voice communication and SMS (Short 
Message Service). Advances in wireless technologies have 
allowed mobile phones to be connected simultaneously to 
several network systems, e.g. GSM, GPRS, UMTS, WLAN, 
WiMAX, LTE, etc. and paved the way for innovative mobile 
services. But the success criterion is the existence of a sound, 
flexible and efficient service discovery which enables the 
clients to find and use the services. The future service 
discovery must be capable of finding relevant services offered 
by heterogeneous network systems. In such a ubiquitous 
communication environment, similar services can have 
different names in different languages. Furthermore, services 
with same name may not offer the same functions and 
capabilities. A future service discovery must be capable of 
dealing with the described challenges without confusion and 
returning correct answers in acceptable amount of time. In 
addition interoperability with existing service discovery 
systems must be ensured. 
 
The goal of this paper is to present a service discovery 
system for mobile multi-domain multi-language environments. 
The paper starts with a brief review of the state-of-the art 
service discovery systems and their limitations. Next, is the 
specification of the requirements of the future service 
discovery system. The main part of the paper provides a 
comprehensive description of the system, which includes a 
service naming and description convention and an overall 
architecture. The sequence diagrams, system user interface, 
use scenarios and system performance results are given to 
illustrate the effectiveness of the proposed service discovery. 
Future works are summarized in the conclusion. 
 
II. STATE OF THE ART SERVICE DISCOVERY 
In this section the state of the art service discovery systems 
from both industrial research such as Jini and UPnP (Universal 
Plug and Play), and academic research such as SLS (Service 
Locating Service) are discussed.  
 
A. Jini 
In Jini, the service is classified by the types of the service 
object also known as service item. It contains three fields 
which are the ServiceID (globally unique 128-bit value 
generated by the Lookup service), Service (a reference to 
the object implementing the service) and AttributeSets 
(a set of tuples describing the service) [1]. The Client can 
request a service by using the ServiceID (if the Client 
knows exactly which service it wants). However, the 
ServiceID might sometimes be long and difficult to be 
remembered. Therefore a Lookup service is necessary. A 
Client locates an appropriate service by its type – that is, by its 
interface written in the Java programming language – along 
with descriptive attributes that are used in a user interface for 
the Lookup service. It is worth noting that two different 
service instances or two service types are not allowed to have 
same name. If the first level checking (first filter) does not 
give any result or it does give multiple results, the Lookup 
service will then check on the AttributeSets for the 
second level matching and to reduce the number of matching 
services. There can be multiple instances of the same class 
with different attribute values, as well as multiple instances of 
different classes in the service item contained in the service 
Lookup directory.  
The Jini system uses the Java classes for a syntactic 
ontology (e.g. using printer class for a printer) and includes a 
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Lookup Attribute system to introduce more semantics. A wide 
variety of hierarchical views is obtained by aggregating items 
according to service type and attributes. However, it applies a 
strict naming convention which requires the uniqueness of the 
service name and type that cause inflexibility and does not 
suitable for future mobile environment which may have 
different services with the same name. 
B. UPnP 
 
The classification for UPnP is based on the device type 
which consists of a UUID (Universal Unique Identifier) and a 
URL (Uniform Resource Locator) of the description of the 
device [2]. This information is retrieved by the Control Point 
during the discovery. There are very few details about the 
device and a more detailed description of the device is then 
retrieved. The device description is divided into two logical 
parts: a device description describing the physical and logical 
containers and service description describing the capabilities 
exposed by the device. A single physical device may contain 
multiple logical devices which can be a single root device with 
embedded devices (and services) or multiple root devices 
(with no embedded devices). The UPnP Device Architecture 
defines a schema or template for creating device and service 
descriptions for any device or service type. Individual working 
committees subsequently standardize on various device and 
service types and create a template for each individual device 
or service type. Finally, a vendor fills in this template with 
information specific to the device or service, such as the 
device name, model number, manufacturer name and URL of 
the service description. 
 
The service description in UPnP is at syntactic level hence 
the service matching is limited to syntactic comparison based 
on attributes or interfaces. It will not be able to detect a 
partially match such as the case where the service descriptions 
involve different representations of conceptually equivalent 
content. Furthermore, the device type must be predefined 
resulting to an inflexibility of naming and classifying of 
devices and services.   
 
C. SLS 
 
SLS [3], [4] is a prototype of a flexible service discovery 
system that implements dynamic tree structure for organizing 
SLS servers to meet the dynamic requirements of services and 
servers. The dynamic tree structure has the ability to quickly 
adapt to the changes imposed by creating, updating or deleting 
services and adding or removing SLS servers, and flexible as 
it has multiple service matching mechanism which contain an 
attribute matching engine and a semantic matching engine for 
different service interfaces. The service aggregation is apply 
for fast locating and improves efficiency as the lower-tiered 
SLS servers keep the detailed service information and the 
upper-tiered SLS servers aggregate the specific information 
into a more compact form. This aggregated information serve 
as routing index for a query to quickly find out a searching 
path that leads to the destination server.  
 
The flexibility, scalability and support of dynamic changes 
in SLS features partially solved the future service discovery 
architecture issues. The services can be described and 
registered to a SLS server in various forms: a service template, 
a DAML description or Jini’s interface. Hence, these multiple 
service matching mechanisms provide users a flexible means 
to discover mobile services. Unfortunately it will not be able 
to find services which are not exact matches with the 
requested one (partially match service). 
 
III. FUTURE SERVICE DISCOVERY REQUIREMENTS 
 
The requirements for future service discovery have been 
derived and highlighted in [5]. This section will specifically 
discuss thoroughly the requirements of future service 
discovery which are not fulfilled by the existing service 
discovery systems like Jini and UPnP.  
 
The emergence of network technologies has allowed 
mobile user to have access in more than one network at a time. 
This results to the introduction of many services in different 
type of network systems. It is hence possible to conclude that: 
 
“A service in the future multi-domain environment can be 
anything and be introduced by anybody at anytime.” 
 
This leads to a large variety of names and would result to 
the following situations: 
 
1) The same service may have different names and in 
different languages. 
x Requirement: The future service discovery must be 
capable of handling the same service with different 
names in multi -languages. 
2) The same service name or word has several 
meanings and denotes different services. 
x Requirement: The future service discovery must be 
capable of handling different services with same 
name without confusion. 
3) The service found may not be an exact match of the 
requested service but is a superset i.e. have extra 
functions in addition to the requested ones. 
x Requirement: The future service discovery must be 
capable of discovering the services which are 
partially matches of the requested one. 
 
IV. FUTURE SERVICE DISCOVERY SYSTEM 
 
In this section the overall architecture of the proposed 
future service discovery and its development environment is 
described. The call flow on each method used is also 
explained in the sequence diagrams. 
 
A. Service naming and description convention 
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According to the requirements described in the previous 
section, the service name and service type should not be 
restricted to any length or format. The service provider must 
have the freedom to the name and type as pleased. This 
requirement poses problem for the service matching to 
succeed. 
 
To solve the problem we propose to introduce more 
semantics in the service description as in Figure 1. In addition 
to regular parameters like Name, Type, State Variable and 
Actions which provide the syntaxes of the service additional 
parameters like Keywords, ParentType, EquivalenceClass are 
introduced to provide more semantics to the service. They will 
be used in the service matching to find the requested services 
in an efficient and unambiguous manner. Their usage will be 
elucidated by the use scenarios in later section.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B. Overview of the system architecture  
 
Figure 2 illustrates the system architecture for future 
service discovery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Future service discovery system architecture 
 
The major components of the architecture are: 
 
1) Web Service Client – This component is an 
application running on the remote mobile terminal. 
The Client on behalf of the user can ask/search for a 
service. It can also on behalf of the Service Provider 
introduce and register a new service. The protocol 
used between the Client and the actual XML Web 
Service is SOAP (Simple Object Access Protocol) 
[6].  
2) Components of the service discovery system 
consisting of: 
 
i) ASP .Net [7] Website (XML Web Service)  – 
This service acts as an interface between the 
Client/Service Provider and the System 
Server. The IIS Internet Information 
Services 5.01 or later is customized in order 
to publish the ASP.Net pages on the 
Internet. 
ii) Database – This component acts as a service 
repository which stores the services 
registered by the service provider. 
iii) OWL [8] file – is used for semantic 
matching with the OWL Lite 
(EquivalenceClass and ParentType).  
 
C. Service discovery testbed 
The hardware as well as the software components used for 
the system implementation are described below: 
 
1) Hardware - A computer with installed Windows XP 
is used as a server. The server can process several 
requests from multiple clients in parallel. The Client 
can request the server by using any platform or 
browser to retrieve the desired services. 
2) Software 
Operating System 
a) Server side: Since the application is developed 
using .Net technology, the .Net framework 
version 2.0 is installed on the server. Microsoft 
Windows based operating system is the 
minimum requirement for this version of .Net 
framework. Therefore Microsoft Windows XP 
was installed on the server.  
b) Client: The Client is independent of any 
architecture and hence can access the services by 
using any industry standard Internet browser 
from any operating system that has access to the 
Internet. 
c) Programming languages: For the 
implementation of this project Microsoft Visual 
Studio 2005 IDE for C# was used. The 
application was developed in C# whereas the 
website was developed using ASP.Net 
technology. 
x C#: C# was mainly used as an 
implementation language because of its 
convenient programming capabilities, the 
object oriented paradigm it supports, type-
safety and wide range of libraries available 
 
 
Service type description template 
A service type description has the following items: 
x Name: The name can be in any language and less than 64 characters. 
x Keywords: Some words that can be used in the first round discovery 
x ParentType: The name of service type that the current type is derived from. 
x ParentTypeURI: The URI of the parent type 
x EquivalenceClass: All alias in any language are given here 
x StateVariables.  The state variables determine the states of the services. They are 
left empty in the service type description 
x Actions: Actions are the methods that can be called by clients or other services 
o Each action has a name and a set of parameters  
 Each parameter has a type, allowable values (for enumerated 
types), and direction (in or out)  
x Events:  Enable clients to  subscribe to the occurrence of a particular event 
 
Figure 1. Service description template 
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as a part of .Net framework [9]. Another 
reason to use C# was the OwlDotNetApi that 
was mainly used to access OWL file in order 
to define parent as well as equivalent classes 
for service types. The detail of this API can 
be found on [10].  
x ASP.Net: ASP.Net is used for the 
XML web service and the web form 
interface for accessing the web service. 
Reason for using ASP.Net: 
o for building XML web service because it 
makes exposing and calling web services 
very simple.  
o for Client website because of the flexibility 
of interface it provides and support  for the 
mobile devices. By building a website in 
ASP.Net one has to write the code once and 
the ASP.Net automatically generates pages 
based on the device they are called.  
d) Support for ontologies: As the semantic meaning 
in this project of service discovery is being achieved by 
ontologies they were continuously monitored manually by 
using Protégé 4.0.2 [11]. OWL Lite is chosen in the 
implementation of this project due to its simplicity and 
the dynamic nature of the project even though it is known 
that it has some limitations as to compare with the OWL 
DL and OWL Full. Since the services can be introduced 
by anybody and there is no control mechanism on 
introducing the services, therefore it is required to avoid 
complexity in the system usage and for that only the 
EquivalenceClass and the ParentType properties is used 
which can be accomplished by the OWL Lite.  
 
D. Sequence Diagram 
The call sequence diagrams [12] are used to explain the 
flow of the four main methods in the future service discovery. 
 
1) Registration a service: This method is used for the 
Service Provider to register a new service as 
illustrated in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Call sequence diagram for Registration a service 
i) When a Service Provider wants to register a 
service, he/she will first type the particular 
details of the service (e.g. the Service Name, 
Service Type and Keyword).  
ii) The Service Broker which is the Web Service 
Application will then lookup for Equivalence  
Service Type.  
iii) The Service Matcher which in this case is the 
OWL Lite will check for existing Service Type 
or new Service Type. 
iv) The Service Broker will then update the Service 
Infobase which is the Service Repository of this 
system. 
v) After that the Service Infobase is updated. 
vi) The service registration is successful and Service 
Provider can see the new service registered in the 
service list. 
  
2) Discovering services:  This method is used for the 
Client which wants to find all available services as 
illustrated in Figure 4. 
 
 
Figure 4. Call sequence diagram for Discovering services 
i) When the Client wants to discover available 
services, it may request for list of services to the  
ii) Service Broker. 
iii) The Service Broker then will lookup for 
available services from the Service Infobase. 
iv) The Service Infobase will then get the Equivalent 
for Service and Parent Type from the Service 
Matcher (OWL). 
v) The Service Matcher will return the available 
services and all Equivalent Classes to the Service 
Broker. 
vi) The Service Broker will return the services 
available and its Equivalent Classes to the Client. 
 
3) Service Request:  This method is used if the Client 
wants to find a particular service or set of services as 
illustrated in Figure 5. 
 
 
 
 
 
1. Request List of
available service
Service Provider Client
Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
2. Lookup for available Services, Service Type
3. Get Equivalent for
Service, Parent Type
4. Return Service and
Equivalent Classes
5. Return Service and Equivalent
Classes
 
 
Service Provider Client Service Broker(WS-App)
Service Matcher
(OWL)
1. Register Service
(ServiceName, ServiceType, Keywords etc)
2. Look Up Existing
Service Type
Service Infobase
(Repository)
4. Update Service InfoBase
5. Service Infobase
Updated6. Service Registration
Successful
3. Check for existing
service type or new
service type
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1. Request Service A
Service Provider Client
Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
2. Lookup for Service A, Service Type
3. Get Equivalent for
Service, Parent Type
4. Return Service and
Equivalent Classes
5. Return Service A and
Equivalent Classes
 
Figure 5. Call sequence diagram for Service Request 
i) When the Client wants to request for a particular 
service, he may find the service either by using 
the Service Name or the  Service Type. 
ii) The Service Broker will Lookup for a particular 
service A and its Service Type in the Service 
Infobase. 
iii) The Service Infobase will then get the Equivalent 
for Service A and its Parent Type from the 
Service Matcher (OWL). 
iv) The Service Matcher will return the requested 
Service A and its Equivalent Classes to the 
Service Broker. 
v) The Service Broker will return the Service A and 
its Equivalent Classes to the Client. 
 
4) Find a service: This method is used if the Client 
wants to find a service but knowing very little 
information about the service (for e.g. just having a 
Keyword) as illustrated in Figure 6. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Call sequence diagram for Find a service 
i) The Client can also find a service via the 
Keyword if he is not sure about the service 
Name.  
ii) The Service Broker will do the Service Lookup 
based on the Keyword and send it to the Service 
Infobase. 
iii) The Service Infobase will then perform the 
Keyword lookup. 
iv) The Service Matcher (OWL) will then Lookup 
for Equivalent services. 
v) Service Matcher will return the matching 
information to the Service Broker. 
vi) The Service Broker will finally send the service 
response to the Client. 
 
V. SYSTEM USER INTERFACE AND USE SCENARIOS 
 
In this section the future service discovery system user 
interface is explained and based on the requirements specified 
in Section III, three use scenarios are selected for described in 
details. 
 
A. System user interface 
 
 
Figure 7. Future service discovery system user interface 
Figure7 depicts the user interface for future service discovery 
system. It has three main methods which are: 
 
i) Register Service – for the user to register a new 
service. The fields such as Service Name, Service 
URI, Service Description, Keyword, Service Type 
and Available Services are required to be filled. 
 
ii) Register Service Type – during registration of a new 
service, if the user found that the service type of the 
registered service is not yet available, he may needs 
to register a new service. 
 
iii) Find Service – there are three options to find service 
for the user. For finding a service by service name, 
the EquivalenceClass semantic will be used and all 
the similar services with different names and 
languages will be return. If the user chooses to find 
service by the service type, all the subtype services 
under the same ParentType will be return and if the 
Service Provider Client Service Broker
(WS-App)
Service Infobase
(Repository)
Service Matcher
(OWL)
1.Find Service
(Keywords)
2. Service Lookup Based on the
Keywords
4. Lookup for Equivalent of
service
5. Return matching
info
6.Service Response
3.Perform keyword lookup
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Keyword is used to find service, even the non-exact 
match services will be return as long as it has 
something in common to describe about the service 
(for e.g. Snacks or Cocktail to define Food service). 
 
B. Use scenarios 
 
Use scenario 1 
The network system has similar services with different 
names and different languages. 
 
When a Client wants to find a service, such as - a 
Restaurant service he will use either a standard English or his 
native language. The Restaurant service can be registered 
under other different names in multiple languages for e.g. 
 
Restaurant: {Restoran, Ristorante, Café, Bistro, Warung, … } 
 
If the Client enters the word Café, the future service 
discovery will return not only the Café service but also other 
similar service with Café in other names as depicted in Figure 
8. 
 
 
Figure 8. Use scenario 1a) - having similar service with different names 
In addition, the future service discovery also supports for 
finding a service in multiple-languages as shown in Figure 9. 
 
 
Figure 9. Use scenario 1b) having similar service in multiple languages 
By having this feature the Client will not have to worry 
even though other names returned when he wants to find a 
service (especially if he is abroad and different languages is 
used to call a service) because the service discovery system 
returns only services equivalent to the one requested.
 
 There are three options for the Client when it wants to find 
a service: 
i)  by Service Name – if the Client knows exactly the 
service it wants to look for 
ii) by Service Type – if the Client is not sure about the 
Service Name but only knows the Service Type 
iii) by Keyword – if the Client only knows very little 
about the service and has some clues describing the 
service (for e.g. Dining or Meal which refer to 
Restaurant) 
 
Use scenario 2 
The network system has different services with the same 
name. 
 
Since in the future ubiquitous communication systems the 
service can be anything and introduced by anybody, there can 
be a possibility of having different term and perspectives of 
knowledge of the service from the user and service provider. 
The future service discovery supports the function of having 
different services with the same name as depicted in Figure10. 
 
Figure 10. Use scenario 2 – having different services with the same name 
 As in the above example, the word Book can refer to a type 
of Book service (for e.g. buying online book or information 
about a book). There can also be other meaning of Book 
service which may refer to a Reservation service.   
  
 Even though the future service discovery allows having 
different services with the same name, the ambiguity and 
confusion can still be avoided via the details of the Service 
Description and Service Type returned during the service 
search.   
 
Use scenario 3 
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The service discovery returns partially matches to 
requested service. 
 
The future service discovery is using a semantic matching 
in addition to syntactical matching as the one used in the 
existing service discovery. This is very important especially in 
the situation where no equivalent service available but there 
exists service, which have additional functions to the 
requested ones. Such a service is called – partially match.  
 
 The future service discovery introduces the use of service 
subtyping by having ParentType and attributes ParentType in 
the Service Type description template. As illustrated in Figure 
11, when the Client is asking for Telephony service; Skype, 
SIP and G1 are returned because they are grand children of 
Telephony (Skype and SIP are subtype of IP Telephony while 
G1 is subtype of GSM) and have inherited all the 
characteristics of Telephony. In this case the Skype, SIP and 
G1 are having similar functions (voice call – which is the 
generic Telephony features) but some of them have more or 
different additional functions (for e.g. Skype has video call 
feature) and they are also different in service components and 
service implementations. 
 
 
Figure 11. Use scenario 3a) – having partially match service 
However, if the Client is asking for a specific Skype 
service, only the Skype is returned and nothing else. This is as 
illustrated in Figure 12. 
 
 
Figure 12. Use scenario 3b) – service subtype 
VI. SYSTEM PERFORMANCE 
 
As in the future mobile environments the performance of 
service discovery in dynamic changes is a major concern of 
the user. It is very important to ensure that the service 
requested is returned in an acceptable time (fast service 
discovery). Hence this section will show the result of our 
future service discovery system testing. 
 
Figure13 shows the result of the testing which is done based 
on the four different search criterias: 
i) find all available service 
ii) find by service name 
iii) find by service type 
iv) find by keyword 
 
 
Figure 13. Future service discovery system performance 
The x-axis shows the number of services used for testing 
while the y-axis is the time taken (in milliseconds) to return 
the results based on different types of parameters used in 
discovery of services. 
  
 The mean reading value for each number of service tested 
is used to plot the graph hence this result is retrieved. Service 
name lookup was really fast and scales well to real time tests 
that were conducted at different intervals by adding more 
services in the system repository. However the service lookup 
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and key word look were considerably slower then preceding 
service name lookup as after retrieving the information from 
the database, lookup was carried out in ontologies to provide 
semantic meaning to the search and service discovery, hence 
making it gradually slower. Thus the system overall real time 
performance was found to be satisfactory and acceptable and it 
scales well to the increased number of services.  
 
VII. CONCLUSION 
 
In this paper a service discovery for mobile multi-domain 
and multi-language environments is proposed. To allow any 
service provider to introduce service as anything at anytime 
and anywhere more semantics are introduced. In addition to 
the service name and type, the relationship Keywords, 
ParentType and EquivalenceClass are introduced to concretize 
the service classification. A prototype is successfully 
implemented and is working fine. The next step will be to 
carry out larger experiments and tests on the system, e.g. 
increase the number of parents, the number of equivalent 
services, etc. It is also quite interesting to move the system to 
a real mobile and wireless environment where the client is 
implemented on real mobile phones.  
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Abstract- In mobile multi-network multi-domain 
environments services can be anything and can have any 
name. This poses problems for the service availability and 
consequently service continuity since services may not be 
discovered in time for being used. Services offering equivalent 
functions and capabilities such as GSM voice, IP telephony, 
etc. are usually considered as different by the network system 
and are not interchangeable. This paper proposes a mobile 
service architecture which enables the discovery and 
consumption of equivalent services. The solution provides also 
seamless service continuity by incorporating dynamic 
discovery of equivalent services with dynamic switching of 
available services. The solution offers personalisation while 
preserving both flexibility and control of the user. Although 
most of the storage and processing of data are located in the 
network the service continuity process is initiated, controlled 
and decided by the mobile device’s side. A proof-of-concept 
including a client implementation on Android is presented. 
 
Keywords: Service continuity, service availability, voice call 
continuity, service transfer, handover, service personalisation 
 
I.    INTRODUCTION 
 
   A modern mobile environment consists of multiple 
network systems own and managed by different players 
such as home, enterprise, airport, shopping center, etc. The 
services offered by these network systems are usually not 
standardised. Consequently, the same services may have 
different names and different services may have same 
name. This creates problems for service availability and 
continuity simply because services are not discovered in 
order to be used. For example, a user talking using GSM 
voice service will have problem to find an IP telephony 
called chIPhone offered by a shopping center in order to 
transfer his call over. In fact, even though the user 
perceives the GSM voice service and chIPhone as 
equivalent these two services are completely different in 
terms of implementation, user interface and ownership and 
there is no relationship between them. In order to improve 
the service availability and to provide service continuity 
across network systems this paper proposes a new mobile  
service architecture that enables the unification of 
equivalent services and hence enhances the service 
availability and continuity for the user. The paper starts 
with an explanation of the motivations of the proposed 
architecture. Next, the related works are briefly reviewed. 
The concept of service is then clarified before the main part 
of the paper, which is the elaboration of the service 
continuity architecture. The proof-of-concept 
implementation is described thoroughly. Further works are 
given in the conclusion. 
   
II.   MOTIVATION 
 
A.    Handling of equivalent services 
    In a multi-network environment a service can be 
implemented using different architecture and technologies 
for different network systems resulting to different user 
interfaces. For example, the telephony or voice service can 
be implemented as GSM voice or chIPhone using IP 
technologies. Seen from the user these two services are 
equivalent since they both offer human-to-human voice 
communication. However, they are currently considered as 
completely unrelated. When the mobile device is moving 
connections to the network systems are also changing, a 
service currently in use e.g. GSM voice may no longer be 
available and another one e.g. chIPhone may appear. 
Unfortunately, the mobile device is not aware of the 
availability of this equivalent service in order to use it. Of 
course, the detection and swapping to the pop up service is 
not only motivated by the availability but also other factors 
like ease of use, performance, security, price, etc. 
Furthermore, when a service e.g. voice service is ongoing it 
is desirable that it is not interrupt. Service continuity is 
another required characteristic. Seen from the user it is 
valuable to be able to manage this sort of equivalent 
services in a uniform and simple way to improve service 
availability and preserve service continuity. 
 
B.    Providing location-based services 
   When travelling the mobile user will want to have access 
to the same services such as taxi, hotel, restaurant, flight 
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booking, etc. which enable the necessary booking, 
modification, cancellation, etc. when needed. At first 
glance, the mentioned services look the same everywhere 
but a closer look reveals the opposite. Indeed, when being 
in Trondheim the user will need to communicate with the 
Trondheim Taxi service and not the one in London. It is 
also desirable that the generic Taxi service switches to the 
right service according to the location automatically 
without the intervention of the user. In fact, it may be 
sometime difficult for the user to find the Taxi service in a 
country, e.g. China, Cambodia, etc. where a different 
language is used. Seen from the user it is valuable to 
seamlessly access the right service based on the location.  
 
C. Offering personalised service 
   As human being each user will have some preferences 
related to the services and it will be very convenient if 
these preferences are remembered and dynamically re-
applied to every equivalent service in use. In addition, the 
personal data such as personal details, address, phone 
numbers, contact list, etc. should also be shared between all 
the services. Seen from the user it is valuable to be able to 
use the service in a personalised way and personal data can 
be handled at one place.  
 
III.   RELATED WORKS 
 
  A.    Service continuity works at NTNU 
   There have been works on service continuity related to 
the future mobile research activities carried out by Do and 
Jørstad [1] [2]. The following definitions have been 
proposed in [3]: 
   “Seamless service continuity is the ability to pick up a 
service at a new Location, where service abruptness is 
bounded by the time it takes the user to move between the 
two Locations.” 
   “Non-seamless service continuity is the ability to pick up 
a service at a new Location, where service usage can 
proceed from the ‘point’/state where it was left at the 
previous Location, but where additional disruption is 
introduced due to a required reorganization of the service 
composition.” 
   Several interesting concepts and theoretic models have 
been developed but no real implementation or usage has 
been achieved.  
 
B.    TISPAN (Telecoms & Internet converged Services & 
Protocols for Advanced Networks) 
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   In their works of defining the European view of the Next 
Generation Networking (NGN), TISPAN has studied all the 
potential service capabilities and requirements [4] and 
defined the concept of service continuity as a component of 
mobility [5] as shown in Fig. 1.  
   More specifically, service continuity is defined as “the 
ability for a user to maintain an ongoing service during 
mobility” 
   Unfortunately, although the definition may imply 
continuity across different devices, it is not clearly stated.  
 
C.    3GPP Voice Call Continuity (VCC) and GSMA VoLTE 
   The 3GPP has conducted studies described in TR 23.806 
[6] and has elaborated in TS 23.2006 [7] the specifications 
of the Voice Call Continuity (VCC) which ensure the 
persistence of a voice call when the mobile phone moves 
between circuit switched and packet switched radio 
domains. 
   With the emergence of LTE (Long Term Evolution) 
paving the way for VoIP over all-IP mobile networks, it is 
necessary to ensure the continuity of voice calls when a 
user moves from an LTE coverage area to another without 
LTE. The GSM Association  VoLTE (Voice over LTE) 
initiative endorses the IMS solution specified by 3GPP. 
VoLGA (over LTE Via Generic Access) is ensuring 
continuity by tunneling GSM voice over IP. 
   The focus of all these activities is the seamless switching 
between circuit switched voice and IMS voice, which are 
two well-defined services provided by mobile operators. 
Our work extends service continuity over non-standardised 
services.  
 
D.    IEEE Media Independent Handover (MIH) 
   The IEEE Working Group has introduced the 802.21 
Media Independent Handover (MIH) Services [8] which 
allows the mobile terminal to detect the communication 
channels and services that are available in the vicinity. It 
facilitates the handover between heterogeneous networks 
and ensures seamless connectivity via the Media 
Independent Handover Function (MIHF) which is a logical 
entity in the mobility-management protocol stack of both 
the mobile node and the network elements. 
   With the 802.21, the Mobile Node can communicate with 
the visited MIH Information Server to acquire network 
 
Fig. 1. TISPAN’s mobility components 
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information necessary for carrying out handover and 
preserving connectivity. 
However, it can only support the service continuity if the 
same service implementation is used across all 
heterogeneous access networks. We extend the service 
continuity for future mobile service architecture where the 
services offered by different types of networks could be 
different in service implementation and using different 
components. 
IV.   ENHANCING AVAILABILITY AND PROVIDING 
CONTINUITY 
A.    Clarification of the service concept 
Service is a concept which is broadly used by numerous 
communities and hence quite confusing. To avoid 
confusion, the definition used in this paper is adopted from 
[9] as follows 
“A service is a mechanism enabling the end-user’s access 
to one or more capabilities” 
In a mobile environment, a service can be conceptually 
realised by two components: 
x A server on the network, which can be both hardware 
and software and distributed over multiple network 
elements. 
x A client on the user’s device, which can be: 
o Generic client such as the Web browser that is 
capable to collaborate with any service server. 
o Specific or dedicated client that could collaborate 
only with some specific service servers. 
In this paper, the focus is only on specific clients and how 
to provide service continuity on these clients. 
B.    A Service Continuity architecture 
When the user is moving the service A as shown in Fig. 3 
currently in use may cease to be available. However, a 
service B which is perceived as equivalent to service A by 
the user is emerging. The user will probably want to use 
service B instead of service A and the replacement should 
preferably be carried out in smooth and seamless way. 
Until now this is not possible since the two services are 
considered as completely different and there is no 
mechanism enabling the service switching. 
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   To enhance the service availability and continuity we 
propose to introduce a new entity called Generic Service 
on the user’s device. The Generic Service is equipped with 
a user interface that enables to receive commands from the 
user and to generate output. Depending on their availability 
the Generic Service will either invoke service A or service 
B.  
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Fig. 4. A Service Continuity architecture 
   Now, the challenge is to know when and how to switch 
the Generic Service to either service A or service B. 
Another entity called Continuity Agent is proposed to 
assist the Generic Service in the switching process between 
services. It will perform the necessary initialisation and 
configuration such that the replacing service can continue 
from the point the former service stops. In the case where a 
new service client is required the Continuity Agent should 
also be capable of downloading, installing and initiating 
this new client. The Continuity Agent gets assistance from 
the Continuity Server on the network system to carry out 
seamless transfer of synchronous services like telephony.  
   The Continuity Manager needs assistance to find 
dynamically the available services at every place. An entity 
called Service Discovery Agent is introduced to perform 
User 
User’s Device Network system 
ServiceA 
Client 
ServiceA 
Server 
 
Fig. 2. A common service architecture
Fig. 3. Services in a mobile environment 
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the discovery of available services in collaboration with an 
entity called Service Infobase in the network system. The 
Service Infobase is a service registry that contains 
information about all the services available at a location. It 
has also capabilities to provide a complete list of available 
services to carry out matchmaking to find the specific 
services requested by the Service Discovery Agent. The 
service information stored in the Service Infobase should 
include details about service equivalence as specified in 
[10] which allows the discovery of equivalent services. The 
Service Infobase is also equipped with an open interface 
enabling all the service providers, including the end-users 
to register the services they are providing. The Service 
Infobase provides also an Event service that the Service 
Discovery Agent can subscribe to receive notification when 
networks and services emerge due to the user’s mobility. 
At service switching, to avoid cumbersome repetition it is 
convenient for the user if the preference settings and 
personal data can be shared among the equivalent services. 
For that the Profile Agent is introduced to store and 
administer the user profile. It has interface allowing the 
Continuity Agent to fetch the necessary data to configure 
the service and to save all the changes done by the user 
when using the services. 
The whole service continuity process is illustrated in Fig. 
5. 
 
Fig. 5. Sequence diagram for the service continuity process 
13. The user communicates with the Service Manager to 
create a Generic Telephony service, which includes 
either GSM voice service or chIPhone, a SIP-based IP 
telephony service. The GSM voice client is factory 
installed at while chIPhone is downloaded and 
installed by the user. 
14. The user dials a number on the Generic Telephony 
service at a place where only GSM voice is available. 
The Generic Telephony service invokes the GSM voice 
client and the call is established. 
15. The user is moving to a place where there is WLAN 
network offering an IP telephony service. The Service 
Infobase sends notification to the Service Discovery 
Agent. 
16. The Service Discovery Agent requests the list of 
services demanding availability and continuity from 
the Continuity Agent, which contains GSM voice and 
chIPhone. 
17. The Service Discovery Agent requests the Service 
Infobase to find all the available services that are 
equivalent to GSM voice and chIPhone. 
18. The Service Infobase carries out the service discovery 
and matchmaking, and returns to the Service Discovery 
Agent a list containing a service sIPhone, which is SIP-
based telephony and equivalent to chIPhone. 
19. The Service Discovery Agent hands the list of available 
services over to the Continuity Agent for the initiation 
of the service transfer 
20. Since the chIPhone client is already a SIP client, the 
Continuity Agent does not have to download and install 
any SIP client but only initialize the chIPhone client. 
The Continuity Agent requests the Continuity Server to 
start the service transfer.  
21. The Continuity Server forks the current session 
between a B-party and the GSM voice client and 
creates a new call leg towards the chIPhone client. 
22. When the chIPhone client is ready and running the 
Continuity Agent terminates the call leg with the GSM 
voice client. This is a typical soft handover since there 
is a short overlapping period where both clients are 
operating.  
 
V.   IMPLEMENTATION 
 
   A proof-of-concept prototype demonstrating the proposed 
service continuity architecture is under development. 
   The Continuity Server is realised by the Voice server 
inherited from the EUREKA Mobicome1 project [11], 
which is focusing on providing service continuity across 
multiple devices. For example, the user is talking to the 
mobile phone while walking to his office. When arriving to 
his office, he transfers the call to his multimedia PC and 
continues the conversation while taking notes since he does 
not have to hold the phone anymore. However, it is worth 
noting that changing devices is conceptually similar to 
changing voice clients in the same device. The only 
difference is that in the first case the user is fully aware and 
actively participating to the switching of devices while in 
the latter case service continuity should preferably be 
seamless. 
   A simplified version of the Service Infobase supporting 
the discovery of equivalent services in different languages 
has been successfully implemented [12]. In addition, the  
 
satisfying only a subset of the functionality has been 
1 The EUREKA Mobicome project (2007-2010) is aiming at providing 
fixed-mobile convergent IMS environment with the participation of 
Telenor, Telefonica, Ericsson, Huawei, Linus, Ubisafe, HiQ, Oslo 
University College, Polytechnical University of Madrid  and Blekinge 
Institute of Technology 
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realised. 
 
 
Fig. 6. A Service Continuity implementation on Android 
 
The development of entities on the mobile device is carried 
out on Android [13], which is a software stack for mobile 
devices that includes an operating system, middleware and 
key applications. As shown is Fig. 6 the service continuity 
entities are introduced as applications. The Generic Phone 
will switch between the native Phone application and 
chIPhone, a SIP client. The Profile Agent will 
communicate with the native Contacts application to 
provide proper configuration and contacts for Phone and 
chIPhone.  
 
VI.   CONCLUSION 
 
   This paper demonstrates the needs for improving service 
availability and continuity in a heterogeneous networks 
environment where there are equivalent services with 
different names. To enable the use of these equivalent 
services it is proposed a service architecture, which 
incorporates dynamic discovery of equivalent services and 
dynamic switching of available services. The solution also 
ensures the re-use of the user’s preference settings and 
personal data including personal details, contact, pictures, 
etc. Although most of the storage and processing of data 
are located in the network the service continuity process is 
initiated, controlled and decided by the mobile device’s 
side. Currently, the only criterion for the transfer of service 
is the service availability. As further work it is quite 
relevant to introduce additional handover criteria such as 
QoS, security, price, etc. It might also be interesting to 
consider the implementation of the proposed service 
continuity for LTE (Long Term Evolution). In early phase 
LTE will only be deployed in limited areas and it is 
necessary to support seamless handover to 2G/3G network. 
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Abstract. In open mobile environments, mobile device may be connected to several network system 
offering heterogeneous sets of services using different names. The services can be anything and introduced 
by anybody, which results to have the possibility of having similar service with different names or 
different services having the same name. The current IEEE 802.21 Media Independent Handover Services 
facilitate handover across these heterogeneous networks. However, the standard just provides network 
continuity without ensuring service continuity during the handover. We propose extensions to the MIH, 
which enable the exchange of service information in addition to network information at handover. This 
service information constitutes the fundament for a novel service discovery, which is capable of 
discovering equivalent services and enabling the handover between them. In this paper, the extended MIH 
handover procedure is explained thoroughly. The additional service information elements are also 
described. The proposed service discovery system developed on Android is presented and a few use 
scenarios are given for illustration. 
Keywords: service continuity, service handover, service discovery, service continuity business model, 
service discovery business application. 
1. Introduction 
In an age of convergence where media, information, service and network technologies are converging mobile 
phones are no longer terminals strictly tied to mobile telecommunication networks but have also the 
possibility to connect to data networks like Bluetooth, WLAN, WiMAX, etc. These data networks can be 
home, enterprise or public networks like airport, train station, shopping center, gas station, etc. The services 
offered on these networks, although originally different from the mobile networks, are now converging. 
Indeed, even telephony, a typical telecommunication service, is now offered on data networks using IP 
technologies. Although perceived as equivalent or comparable to the original telephony by the user, it is still 
technically considered as a different service and service continuity based on the combination of these two 
telephony services is consequently neglected.   
The continuity of the telephony service between the telecommunication and data networks is quite 
desirable when the mobile phone is moving and the availability of networks and services is changing. To 
ensure smooth handover between heterogeneous networks, IEEE has specified the 802.21 Media Independent 
Handover (MIH) Services [1], which provide necessary information about the access networks such as 
availability, QoS resources, etc. Unfortunately, MIH is only aiming at preserving connections, which is 
insufficient to ensure service continuity for telephony realized by different technologies. The services are not 
considered as equivalent and there is no way to replace one service with an equivalent one.  Typically, a 
mobile phone with an ongoing telephone conversation using IP telephony on a WLAN domain will lose this 
conversation when moving out of the WLAN domain and going into to the mobile network. To ensure service 
continuity, service information has to be provided to the mobile device in addition to the network information 
as proposed by the MIH. 
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In this paper, in order to ensure seamless service continuity across multiple heterogeneous networks the 
IEEE 802.21 MIH is proposed to be extended with service information and a sound service discovery capable 
of finding equivalent services in acceptable amount of time. The paper starts with a brief description of the 
IEEE 802.21 MIH. Next is the explanation of limitations of the MIH concerning service continuity. The main 
part of the paper explains the proposed extensions to the MIH handover procedure and to the Media 
Independent Information Service (MIIS). The mobile service discovery system developed on Android is 
presented and few use scenarios are given to illustrate the effectiveness of the proposed service discovery and 
matching procedure. Related works are then discussed and finally the paper is concluded with a summary of 
our research work and suggestions for further works. 
 
2. Overview of IEEE 802.21 Media Independent Handover (MIH) Services 
The IEEE standard 802.21 Media Independent Handover Services defines media access independent 
mechanisms that enable the optimization of handover between heterogeneous 802 systems and facilitate 
handover between 802 systems and cellular systems. 
Fig. 1 shows an example of a network offering MIH services. A multi-access Mobile Node equipped 
with MIH functionality can connect to multiple Access network i.e. WiMAX, 2G/3G or wired Ethernet 802.3 
via multiple Point of Access (PoA) and have access to MIH services at a Point of Service (PoS) provided by 
the Home MIH Information Server. This server includes an Information Database containing information 
about networks in the vicinity of the Mobile Network. When travelling the Mobile Node can communicate the 
visited MIH Information Server to acquire network information necessary for carrying out handover and 
preserving connectivity. 
 
Fig.1. Example of network model with MIH services. 
Fig. 2 shows the IEEE 802.21 MIH Function on layer 2 which provides three main services to layer 3 
and upper as follows: 
x Media Independent Event Services (MIES) which detects and notifies changes in link-layer properties. 
x Media Independent Command Service (MICS) which provides a set of commands for the MIH users to 
control link properties. 
x Media Independent Information Service (MIIS) which provides the information about different 
networks and their services thus enabling more effective handover decision to be made across 
heterogeneous networks. 
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Fig.2. The IEEE 802.21 MIH architecture. 
The MIH Function (MIHF) provides services to the layer 3 and upper through a single media 
independent interface (MIH SAP) and obtains services from the lower layers through a variety of media 
independent interfaces (media specific SAPs). Instead of having to keep powering up each of its individual 
radios and establishing network connections for retrieving heterogeneous network information, which causes 
battery drain, the Mobile Node can have access to the services of the MIHF via well-defined Point of Services 
(PoS). 
 
3. Problem for Service Continuity and Service Availability 
Preserving connectivity is a necessary but not sufficient condition to ensure service continuity. Indeed, it is 
sufficient only when the connection links are changed but it is insufficient when both the connections and the 
components realising the service are changing due to the mobility of the Mobile Node. To elucidate this let us 
consider two service usage cases as follows: 
x Asynchronous services: The user is quite used to a service offered by his home operator, called Taxi, 
which connects him directly to the appropriate taxi dispatch service depending on his location. For 
example, when being in Oslo the Oslo taxi dispatch service will be connected but the Trondheim dispatch 
will be used when he is in Trondheim. When being on the move, he runs onto area only covered by WLAN 
where an equivalent service called “drosje” is available. His favourite Taxi service will be unavailable 
because no Taxi service is found. 
x Synchronous services: The user is having a conversation using GSM telephony and arriving to an area 
where there is no GSM coverage but only WiMAX coverage. With the MIH support the mobile phone can 
smoothly switch to WiMAX. Unfortunately, the WiMAX network does not support GSM telephony but 
offers only an IP telephony service called WiPhone. The Mobile Node does not have any information 
about the WiPhone and is hence not able to use it. The user’s conversation is consequently broken down. 
From the two described cases, it is evident that in addition to network information it is necessary to have 
service information to ensure service continuity. 
 
4. Proposed Extensions to the MIH Handover Procedure 
In order to implement the extension necessary for the support of service continuity in the case of handover 
between two different but equivalent service let us consider the Mobile-initiated handover procedure and 
identify the steps where addition or modifications are to be done. 
The Mobile-initiated Handover Procedure operates as follows: 
x Step 1: Mobile Node is connected to the serving network via Current Point of Service (PoS) and it 
has access to MIH Information Server. 
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x Step 2: Mobile Node queries information about neighboring networks by sending the 
MIH_Get_Information request to Information Server. Information Server responds with 
MIH_Get_Information response. This information query may be attempted as soon as Mobile Node 
is first attached to the network. 
x Step 3: Mobile Node triggers a mobile-initiated handover by sending 
MIH_MN_HO_Candidate_Query request to Serving PoS. This request queries information of 
potential candidate networks. It includes queries on QoS resources and/or IP address configuration 
method supported in the candidate networks. 
x Step 4: Serving PoS queries the availability of resources at the candidate networks by sending 
MIH_N2N_HO_Query Resources request to one or multiple Candidate PoSs. 
x Step 5: Candidate PoSs respond with MIH_N2N_HO_Query_Resources response and Serving PoS 
notifies the Mobile Node of the resulting resource availability at the candidate networks through 
MIH_MN_HO_Candidate_Query response. 
x Step 6: Mobile Node decides the target of the handover and requests resource preparation by 
sending the MIH_MN_HO_Commit request to Serving PoS. 
x Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to request resource 
preparation at the target network. Target PoS responds the result of the resource preparation by 
MIH_N2N_HO_Commit response. 
x Step 8: When the resource is successfully prepared, Serving PoS sends MIH_MN_HO_Commit 
response to Mobile Node. 
x Step 9: New layer 2 connection is established and a certain mobility management protocol 
procedures are carried out between Mobile Node and target network. 
x Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. Target PoS sends 
MIH_MN_HO_Complete request to previous Serving PoS to release resource which was allocated 
to Mobile Node. After identifying that resource is successfully released, Target PoS may send 
MIH_MN_HO_Complete response to Mobile Node.  
 
To support service continuity the following extensions are proposed: 
Step 3: Extension is needed in step 3if the Mobile Node is looking for a particular set of services and the 
candidate networks must support them. 
The primitive MIH_MN_HO_Candidate_Query request has to be modified to accommodate service 
information, which constitutes one of the criteria for identifying candidate networks. We propose to introduce 
an additional parameter called QueryServiceList as follows: 
MIH_MN_HO_Candidate_Query.request ( 
      DestinationIdentifier, 
      CurrentLinkIdentifier, 
      CandidateLinkList, 
      QueryResourceList, 
      IPConfigurationMethods, 
      DHCPServerAddress, 
      FAAddress, 
      AccessRouterAddress, 
      QueryServiceList, 
      ) 
The parameter QueryServiceList is the list of services that the Mobile Node is requesting. It has a type 
LIST(SERVICE) which contains 0 or more services. The data type SERVICE is defined as shown in Table 1. 
Table 1. Definition of Data Type Service. 
Data type name Derived from Definition 
SERVICE SEQUENCE( A type to represent a list of service in the 
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SERVICE_NAME, 
SERVICE_TYPE, 
SERVICE_PARENT
_TYPE, 
SERVICE_EQUIVA
LENCE_CLASS, 
SERVICE_KEWOR
DS, 
SERVICE_DESCRIP
TION 
) 
access network. 
SERVICE_NAME OCTET_STRING 
A type to represent a service name. A 
non-NULL terminated string whose 
length shall not exceed 253 octets. 
SERVICE_TYPE OCTET_STRING 
A type to represent in which category the 
service belongs to. A non-NULL 
terminated string whose length shall not 
exceed 253 octets. 
SERVICE_PAREN
T_TYPE OCTET_STRING 
A type to represent ParentType of a 
service. A non-NULL terminated string 
whose length shall not exceed 253 octets. 
SERVICE_EQUIV
ALENCE_CLASS OCTET_STRING 
A type to represent equivalence services 
(any EquivalenceClass of the service 
defined by the Service Provider; it can 
also be service with the same 
ParentType). The value is a non-NULL 
terminated string whose length shall not 
exceed 253 octets. 
SERVICE_KEYW
ORDS OCTET_STRING 
A type to represent keywords of a service. 
The value is a non-NULL terminated 
string whose length shall not exceed 253 
octets. 
SERVICE_DESCRI
PTION OCTET_STRING 
A type to represent the description of a 
service. A non-NULL terminated string 
whose length shall not exceed 253 octets. 
 
SERVICE_NAME identifies a service instance. A service instance has a unique SERVICE_NAME but a 
SERVICE_NAME may be given to several service instances. In a future mobile environment where anybody 
can be service provider and a service can be anything a SERVICE_NAME will not be standardized and the 
same name can be used by multiple service providers to denote multiple different services [2]. 
SERVICE_TYPE identifies the type of the service. As for SERVICE_NAME the SERVICE_TYPE can 
be ambiguous in a future mobile environment. 
SERVICE_PARENT_TYPE identifies parent service type that the current service type is derived from. 
The SERVICE_PARENT_TYPE is necessary in the service matching when a partial match, i.e. only a subset 
of features is required [3]. 
SERVICE_EQUIVALENCE_CLASS identifies the equivalence class that the service type belongs to. 
This identifier is necessary to enable the usage of multiple languages to denote a service. 
SERVICE_KEYWORDS contains attributes that helps narrow the scope of the service matching. 
The SERVICE_DESCRIPTION contains information needed to use the service. 
 
Step 4: It is necessary to modify the primitive MIH_N2N_HO_Query_Resources request to accommodate 
service information. We propose to introduce an additional parameter called ServiceRequirements as follows: 
  MIH_N2N_HO_Candidate_Query.request ( 
              DestinationIdentifier, 
                QoSResourceRequirements, 
                IPConfigurationMethods, 
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                DHCPServerAddress, 
                FAAddress, 
                AccessRouterAddress, 
                CandidateLinkList, 
                ServiceRequirements, 
                ) 
The parameter ServiceRequirements is the service requirements that the Mobile Node is requesting. It 
has a type LIST(SERVICE) which contains 0 or more services. 
 
Step 5: In this step the list of candidate networks will be returned by Candidate PoS with the primitive 
MIH_N2N_HO_Query_Resources response and forwarded to the Mobile Node through the primitive 
MIH_MN_HO_Candidate_Query response. No modification is required for these two primitives but in order 
to compile the candidate list the Candidate PoSs will have to carry out a service discovery and matching in 
addition to the standard resource query. 
 
Step 6: To select the target network for handover, the Mobile Node must choose the most appropriate 
available services and requests resource preparation by sending the MIH_MN_HO_Commit request to 
Serving PoS. In addition to resource preparation appropriate actions must be carried out on the network side 
to perform the service transfer to replace current service instance with new equivalent service instance. 
The primitive MIH_MN_HO_Commit request must be extended with an additional parameter 
TargetServiceInfo as follows: 
MIH_MN_HO_Commit.request ( 
                  DestinationIdentifier, 
                  LinkType, 
                  TargetNetworkInfo, 
                  TargetServiceInfo, 
                   ) 
The parameter TargetServiceInfo has LIST(SERVICE) as type and contains the names of services to be 
prepared for the handover. 
 
Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to request resource preparation at 
the target network. 
The primitive has to be extended with an additional parameter RequestedServiceSet of LIST(SERVICE) type 
which indicates the services that needs to be prepared for handover as follows: 
MIH_N2N_HO_Commit.request ( 
                  DestinationIdentifier, 
                  MNIdentifier, 
                  TargetMNLinkIdentifier, 
                  TargetPoA, 
    RequestedResourceSet, 
    RequestedServiceSet, 
                  ) 
Target PoS responds the result of the resource preparation by MIH_N2N_HO_Commit response, which 
is extended with the parameter AssignedServiceSet of LIST(SERVICE) type as follows: 
MIH_N2N_HO_Commit.response ( 
                     DestinationIdentifier, 
                     Status, 
                     MNIdentifier, 
       TargetLinkIdentifier, 
       AssignedResourceSet, 
                     AssignedServiceSet, 
                     ) 
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Step 8: When the resource is successfully prepared, Serving PoS sends MIH_MN_HO_Commit response to 
Mobile Node. The primitive MIH_MN_HO_Commit.response is also extended with an additional parameter 
called TargetServiceInfo of LIST(SERVICE) type as follows: 
MIH_MN_HO_Commit.response ( 
                   DestinationIdentifier, 
                   Status, 
                   LinkType, 
                   TargetServiceInfo, 
                   ) 
Step 9: New layer 2 connection is established and a certain mobility management protocol procedures are 
carried out between Mobile Node and target network. In addition to these standard procedures for the MIH, 
we propose to perform also service transfer procedures to ensure service continuity. 
 
Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. Target PoS sends 
MIH_N2N_HO_Complete request to previous Serving PoS to release resource which was allocated to Mobile 
Node. After identifying that resource is successfully relased, Target PoS may send MIH_MN_HO_Complete 
response to Mobile Node. In addition to the release of radio resources it may also be necessary to release 
service resources. 
To enable service continuity the Media Independent Command Service (MICS) must accommodate the 
modified commands as described above. 
 
5. Proposed Extension to the Media Independent Information Service (MIIS) 
The Media Independent Information Service (MIIS) provides a framework and corresponding mechanisms by 
which an MIHF entity can discover and obtain network information existing within a geographical area to 
facilitate handovers. To ensure service continuity it is also necessary with extensions in the MIIS as proposed 
in [4]. More specifically, new Information Elements (IEs) containing service information must be added to the 
standard set as follows: 
x IE_NET_SERVICES introduced in the Access Network Container which contains information about 
services supported by the access network. This element is used when the network is offering the same 
services at every PoAs. If the network does provide different services at different PoAs, this information 
element must be left empty. When encountering an empty IE_NET_SERVICES the service discovery will 
have to proceed to the respective PoA container to carry out the service matching. 
x IE_POA_SERVICES introduced in the PoA Container which contains information on services supported at 
the PoA. For networks offering the same services at all the PoAs, this element must be empty since the 
information about the services is already specified at the network level. 
Fig. 3 depicts the example on how the new service information is included in the Information Elements. 
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Fig. 3. Information elements with service information. 
6. Implementation of Service Discovery 
In this section the service discovery development environment is described. The user interface is 
explained and four use scenarios are given to illustrate the effectiveness of the proposed service discovery and 
matching procedure. 
 
6.1. Mobile Service Discovery Testbed 
The service discovery application is developed in the JavaTM [5] language using the Android Software 
Development Kit (SDK) which provides the tools and APIs necessary to begin developing applications on the 
Android platform. Android [6] is a software stack for mobile devices that includes an operating system, 
middleware and key applications. Android platform is chosen because it provides access to a wide range of 
useful libraries and tools that can be used to build rich applications.  
Eclipse Helios [7] is used for the IDE and Android plugin for Eclipse is also needed for the system 
development. The developed application is flexible and capable of handling all the request variants from the 
Mobile Node. Android emulator is used for the testing purpose. The application can be installed and run in 
any types of mobile phones with Android 2.3 operating system and later.  
 
6.2. System User Interface 
Error! Reference source not found. 4 shows the icon of the service discovery in the Android emulator. 
Error! Reference source not found. 5 depicts the service discovery user interface offering three options to 
find service as follows:  
1) by Service Name - the EquivalenceClass semantic will be used and all the similar services with 
different names and languages will be return. 
2) by Service Type - all the subtype services under the same ParentType will be return. 
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3) by Keyword - even the non-exact match services will be return as long as it has something in common 
to describe about the service (for e.g. Snacks or Cocktail to define Food service). 
 
Fig. 4. Service discovery icon on Android emulator. 
 
Fig. 5. Service discovery user interface. 
6.3. Use scenarios 
Use scenario 1 - Service discovery and matching based on the service name. 
The Mobile Node may request for a specific service by specifying its service name. For example, if the 
Mobile Node requests for a Skype service, only the networks offering Skype service should be returned. It is 
worth noting that a network with a completely different service with the name of Skype can be returned 
because the service names are not standardized and unique. To avoid this situation the Mobile Node may have 
to specify the service type in addition to the service name to aid the service discovery. For example, when the 
Mobile Node requests a service with the service name Book and specify Online Business as service type as 
illustrated in Error! Reference source not found., only the Book service with the service type Online 
Business is returned. 
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Fig.6. Example of Book service denotes different type of services. 
If the Mobile Node specifies only the service type without the service name all the supported services 
with the same service type will be return. For example, if the Mobile Node requests for IP telephony service, 
Skype, VoIP and WiPhone, which has IP Telephony as same service type will be returned. 
 
Use scenario 2 - Service discovery and matching based on ParentType. 
The Mobile Node may also request a service by specifying the ParentType. All the services with the 
same ParentType will be returned. In this case only partial match is required. For example, if the Mobile Node 
specifies Telephony as ParentType all the child service types of Telephony e.g. Skype, GSM, VoIP and 
WiPhone will be returned as illustrated in Error! Reference source not found. 
 
Fig. 7. Service discovery and matching based on ParentType. 
 
Fig. 8. Service discovery and matching based on EquivalenceClass. 
Use scenario 3 - Service discovery and matching based on EquivalenceClass. 
The Mobile Node may request a service by specifying the EquivalenceClass. In this case all the services 
of equivalent service type will be returned. The returned services can have different names, types in different 
languages. For example, if the Mobile Node requests service by specifying Restoran as EquivalenceClass, 
Café, Bistro, Restaurant, etc. will be returned as illustrated in Fig. 8. 
Use scenario 4 - Service discovery and matching based on Keywords. 
The Mobile Node can request a service by specifying Keywords. This can be used especially when the 
user has only a vague idea about the service he wants to request. The service matching the Keywords will be 
returned. For example, if the Mobile Node wants to find a Food service, it may send Meal, Snacks or Dining 
as Keywords to request for the Food service as illustrated in Fig. 9. 
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Fig. 9. Service discovery and matching based on Keywords. 
The time taken in the output screen indicates the processing time (in seconds) to retrieve the search 
result. 
 
7. Related Work 
Semantic service discovery has been widely discussed and addressed by several research initiatives that have 
proposed enhanced discovery mechanisms. An Integrated Semantic Service Discovery proposed by Shanshan 
[8] enhances the discovery ability by making use of service ontology. It takes into account both the functional 
and non-functional properties to achieve accurate and satisfactory discovery results. Ontologies are defined in 
the Web Ontology Language, OWL [9]. Behavioral semantics are added to WSDL file by associating service 
functionality related elements with links to OWL-based service ontology. Non-functional properties are 
specified as QoS parameters and rule-based policies comprising business policies, QoS policies and context 
policies.  
Efficient Routing Grounded on Taxonomy (ERGOT)  [10] is a semantic-based system for service 
discovery in distributed infrastructures. It is a system that combines Distributed Hash Tables (DHTs) and 
Semantic Overlay Networks (SONs) to enable semantic-based service discovery in distributed infrastructures 
such as Grids and Clouds. ERGOT takes advantage of semantic annotations that enrich service specifications 
in two ways: (i) services are advertised in the DHT on the basis of their annotations, thus allowing 
establishing a SON among service providers; (ii) annotations enable semantic-based service matchmaking, 
using a novel similarity measure between service requests and descriptions. 
UbiSearch [11] is a semantic service discovery network for large-scale ubiquitous computing 
environments. A semantic service discovery network in the semantic vector space is proposed where services 
that are semantically close to each other are mapped to nearby positions so that the similar services are 
registered in a cluster of resolvers. Using this mapping technique, the search space for a query is efficiently 
confined within a minimized cluster region while maintaining high accuracy in comparison to the centralized 
scheme. It supports scalable semantic queries with low communication overhead, balanced load distribution 
among resolvers for service registration and query processing and personalised semantic matching.  
An Ontology-enhanced cloud service discovery system (CSDS) [12] aims to support the Cloud users in 
finding a Cloud service over the Internet. The CSDS interacts with Cloud ontology to determine the 
similarities between and among services. The Cloud Service Reasoning Agent (CSRA) determines the 
relations of Cloud services using three service reasoning methods which are similarity reasoning, equivalent 
reasoning and numerical reasoning.  
In [13] a hierarchical and chord-based semantic service discovery system is proposed for the universal 
network (UniNServ). It uses OWL-S (Web Ontology Language for Services) to describe services and adopts 
Chord [14] as a distributed lookup protocol. Besides, UniNServ uses three types of ontologies to perform 
automatic semantic service discovery with QoS through exploiting the logical relationships within the 
services. They append QoS measurements to OWL-S and called it OWL-QoS.  
MEMORY [15] is a matrix-based efficient semantic web service (SWS) discovery system which does 
ontological pre-reasoning and holds the reasoning results in matrix forms in service publishing phase, so that 
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it can transfer the load of semantic reasoning from service query to service publication and perform fast 
matching during service discovery. A novel OWL-S (formerly DAML-S) based semantic service discovery 
system is proposed for dynamically discovering complex constraint-based services.  
The main objective of the above mentioned semantic service discovery systems are to deliver and find 
the right service to the user in an acceptable time. Thus it has become an important factor for an efficient 
service discovery system but we propose a more comprehensive and novel service discovery system in open 
mobile environments which is capable of finding services having arbitrary names in any format given by any 
service provider. 
 
8. Conclusion 
In this paper, it is explained when and how the IEEE 802.21 MIH fails to support service continuity. To 
remedy the situation, it is proposed to exchange information about supported services in addition to the 
network QoS information. The paper also indicates the necessary extensions in the handover procedure and 
specifies the additional information elements containing service information. A novel service discovery has 
also been proposed as additional function for the MIH Information Servers. To verify the feasibility of the 
proposed extension, a simplified and simulated MIH containing only service information and service 
capability has been successfully implemented [16]. The MIH capability including service continuity support 
on the Mobile Node has also successfully developed on Android and illustrated by few use scenarios in this 
paper. For further work the proposed extension in the existing IEEE 802.21 MIH Services should be 
implemented and the service discovery should be installed in any MIH client so that testing and evaluation 
can be carried out in the real mobile environment.  
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ABSTRACT 
In open mobile environments, mobile device may be connected to several network system 
offering heterogeneous sets of services using different names. The services can be anything 
and introduced by anybody, which results to have the possibility of having similar service 
with different names or different services having the same name. The current IEEE 802.21 
Media Independent Handover Services facilitate handover across these heterogeneous 
networks. However, the standard just provides network continuity without ensuring service 
continuity during the handover. We propose extensions to the MIH, which enable the 
exchange of service information in addition to network information at handover. This 
service information constitutes the fundament for a quality-driven service discovery, which 
is capable of discovering equivalent services and enabling the handover between them. In 
this paper, the extended MIH handover procedure is explained thoroughly. The additional 
service information elements are also described. The proposed service discovery system 
developed on Android is presented and a few use scenarios are given for illustration. 
 
KEYWORDS 
Service continuity, Service handover, Service discovery, Service continuity business model, 
Service discovery business application. 
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1. INTRODUCTION   
In an age of convergence where media, information, service and network technologies 
are converging mobile phones are no longer terminals strictly tied to mobile 
telecommunication networks but have also the possibility to connect to data networks like 
Bluetooth, WLAN, WiMAX, etc. These data networks can be home, enterprise or public 
networks like airport, train station, shopping center, gas station, etc. The services offered on 
these networks, although originally different from the mobile networks, are now 
converging. Indeed, even telephony, a typical telecommunication service, is now offered on 
data networks using IP technologies. Although perceived as equivalent or comparable to 
the original telephony by the user, it is still technically considered as a different service and 
service continuity based on the combination of these two telephony services is 
consequently neglected.   
The continuity of the telephony service between the telecommunication and data 
networks is quite desirable when the mobile phone is moving and the availability of 
networks and services is changing. To ensure smooth handover between heterogeneous 
networks, IEEE has specified the 802.21 Media Independent Handover (MIH) Services 
(IEEE Computer Society 2009), which provide necessary information about the access 
networks such as availability, QoS resources, etc. Unfortunately, MIH is only aiming at 
preserving connections, which is insufficient to ensure service continuity for telephony 
realized by different technologies. The services are not considered as equivalent and there 
is no way to replace one service with an equivalent one.  Typically, a mobile phone with an 
ongoing telephone conversation using IP telephony on a WLAN domain will lose this 
conversation when moving out of the WLAN domain and going into to the mobile network. 
To ensure service continuity, service information has to be provided to the mobile device in 
addition to the network information as proposed by the MIH. 
In this paper, in order to ensure seamless service continuity across multiple 
heterogeneous networks the IEEE 802.21 MIH is proposed to be extended with service 
information and a sound service discovery capable of finding equivalent services in 
acceptable amount of time. The paper starts with some explanation on the related works 
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followed by a brief description of the IEEE 802.21 MIH. Next is the explanation of 
limitations of the MIH concerning service continuity. The main part of the paper explains 
the proposed extensions to the MIH handover procedure and to the Media Independent 
Information Service (MIIS). The mobile service discovery system developed on Android is 
presented and few use scenarios are given to illustrate the effectiveness of the proposed 
service discovery and matching procedure. The paper is concluded with a summary of our 
research work and suggestions for further works. 
 
2. RELATED WORK  
Semantic service discovery has been widely discussed and addressed by several research 
initiatives that have proposed enhanced discovery mechanisms. An Integrated Semantic 
Service Discovery proposed by Shanshan (S. Jiang and F. Aagesen 2006) enhances the 
discovery ability by making use of service ontology. It takes into account both the 
functional and non-functional properties to achieve accurate and satisfactory discovery 
results. Ontologies are defined in the Web Ontology Language, OWL (OWL Group 2004). 
Behavioral semantics are added to WSDL file by associating service functionality related 
elements with links to OWL-based service ontology. Non-functional properties are 
specified as QoS parameters and rule-based policies comprising business policies, QoS 
policies and context policies.  
Efficient Routing Grounded on Taxonomy (ERGOT) (Pirr, et al 2010) is a semantic-
based system for service discovery in distributed infrastructures. It is a system that 
combines Distributed Hash Tables (DHTs) (B Wiley 2003) and Semantic Overlay 
Networks (SONs) (K. Aberer, et al 2005) to enable semantic-based service discovery in 
distributed infrastructures such as Grids and Clouds. ERGOT takes advantage of semantic 
annotations that enrich service specifications in two ways: (i) services are advertised in the 
DHT on the basis of their annotations, thus allowing establishing a SON among service 
providers; (ii) annotations enable semantic-based service matchmaking, using a novel 
similarity measure between service requests and descriptions. 
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UbiSearch (D. K. Saehoon Kang, et al 2007) is a semantic service discovery network for 
large-scale ubiquitous computing environments. A semantic service discovery network in 
the semantic vector space is proposed where services that are semantically close to each 
other are mapped to nearby positions so that the similar services are registered in a cluster 
of resolvers. Using this mapping technique, the search space for a query is efficiently 
confined within a minimized cluster region while maintaining high accuracy in comparison 
to the centralized scheme. It supports scalable semantic queries with low communication 
overhead, balanced load distribution among resolvers for service registration and query 
processing and personalised semantic matching.  
An Ontology-enhanced cloud service discovery system (CSDS) (T. H. a. K. M. Sim 
2010) aims to support the Cloud users in finding a Cloud service over the Internet. The 
CSDS interacts with Cloud ontology to determine the similarities between and among 
services. The Cloud Service Reasoning Agent (CSRA) determines the relations of Cloud 
services using three service reasoning methods which are similarity reasoning, equivalent 
reasoning and numerical reasoning.  
A hierarchical and chord-based semantic service discovery system is proposed for the 
universal network (UniNServ) (H. H. Ying Zhang, et al 2010). It uses OWL-S (Web 
Ontology Language for Services) to describe services and adopts Chord (I. Stoica, et al 
2003) as a distributed lookup protocol. Besides, UniNServ uses three types of ontologies to 
perform automatic semantic service discovery with QoS through exploiting the logical 
relationships within the services. They append QoS measurements to OWL-S and called it 
OWL-QoS.  
MEMORY (Z. Zhao, et al 2009) is a matrix-based efficient semantic web service (SWS) 
discovery system which does ontological pre-reasoning and holds the reasoning results in 
matrix forms in service publishing phase, so that it can transfer the load of semantic 
reasoning from service query to service publication and perform fast matching during 
service discovery. A novel OWL-S (formerly DAML-S) based semantic service discovery 
system is proposed for dynamically discovering complex constraint-based services.  
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A novel OWL-S (formerly DAML-S) based semantic service discovery system is 
proposed by Le Duy Ngan et. al (L. D. Ngan, et al 2011) for dynamically discovering 
complex constraint-based services. It is based on representing complex service constraints 
as Semantic Web Rule Language (SWRL) rules and using a rule engine for matchmaking 
and handling dynamism via a real-time ontology population and reasoning infrastructure. It 
supports descriptions with complex constraints and matching of service providers and 
requesters dynamically.  
A layered architecture of semantic service discovery system is proposed by 
incorporating search crawler as a core component for discovering services resided on the 
provider websites (V. Kaewmarin, et al 2008). The search crawler can operate in multi-
threaded environment to enhance the capability of discovering a number of distributed Web 
services simultaneously, as well as in various UDDI registries. In order to enrich service 
discovery in a semantic manner, the Web services descriptions returned from the search 
crawlers are thus modeled into a machine-processable representation language such as 
OWL-S. The system conformed to the proposed architecture will provide the flexibility and 
extensibility to accomplish complex Web service requests that meet user-specified 
functional requirements.  
A two stages method of semantic service discovery is proposed (P. Yan-Bin, et al 2009) 
whereby the service is divided into two classes - core service description registered at core 
service library (CSL) and assistant service which is registered at assistant service library 
(ASL). The service requirement is send to two stages service discovery module by service 
requester and the module discover target service through two stages: 1) in core service 
discovery stage - find target core service according to similarity of service description 
between service requirement and core service; 2) in assistant service composition stage - 
form target composite service through composing target core service with related assistant 
services. 
The main objective of the above mentioned semantic service discovery systems are to 
deliver and find the right service to the user in an acceptable time. Thus it has become an 
important factor for an efficient service discovery system but we propose a more 
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comprehensive and novel service discovery system in open mobile environments which is 
capable of finding services having arbitrary names in any format given by any service 
provider. 
 
3. OVERVIEW OF IEEE 802.21 MEDIA INDEPENDENT HANDOVER (MIH) 
SERVICES 
The IEEE standard 802.21 Media Independent Handover Services defines media access 
independent mechanisms that enable the optimization of handover between heterogeneous 
802 systems and facilitate handover between 802 systems and cellular systems. 
Figure 1 shows an example of a network offering MIH services. A multi-access Mobile 
Node equipped with MIH functionality can connect to multiple Access network i.e. 
WiMAX, 2G/3G or wired Ethernet 802.3 via multiple Point of Access (PoA) and have 
access to MIH services at a Point of Service (PoS) provided by the Home MIH Information 
Server. This server includes an Information Database containing information about 
networks in the vicinity of the Mobile Network. When travelling the Mobile Node can 
communicate the visited MIH Information Server to acquire network information necessary 
for carrying out handover and preserving connectivity. 
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Figure 1. Example of network model with MIH services 
Figure 2 shows the IEEE 802.21 MIH Function on layer 2 which provides three main 
services to layer 3 and upper as follows: 
x Media Independent Event Services (MIES) which detects and notifies changes in 
link-layer properties. 
x Media Independent Command Service (MICS) which provides a set of 
commands for the MIH users to control link properties. 
x Media Independent Information Service (MIIS) which provides the information 
about different networks and their services thus enabling more effective handover 
decision to be made across heterogeneous networks. 
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Figure 2. The IEEE 802.21 MIH architecture 
 
The MIH Function (MIHF) provides services to the layer 3 and upper through a single 
media independent interface (MIH SAP) and obtains services from the lower layers through 
a variety of media independent interfaces (media specific SAPs). Instead of having to keep 
powering up each of its individual radios and establishing network connections for 
retrieving heterogeneous network information, which causes battery drain, the Mobile Node 
can have access to the services of the MIHF via well-defined Point of Services (PoS). 
 
4. PROBLEM FOR SERVICE CONTINUITY AND SERVICE AVAILABILITY 
Preserving connectivity is a necessary but not sufficient condition to ensure service 
continuity. Indeed, it is sufficient only when the connection links are changed but it is 
insufficient when both the connections and the components realising the service are 
changing due to the mobility of the Mobile Node.  
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Ensuring service availability is also one of the important factors when offering services 
to the end users especially when it involves heterogeneous networks (N. Kryvinska, C. 
Strauss, P. Zinterhof 2011; Khan, et al 2011). 
To elucidate this let us consider two service usage cases as follows: 
x Asynchronous services: The user is quite used to a service offered by his home 
operator, called Taxi, which connects him directly to the appropriate taxi dispatch 
service depending on his location. For example, when being in Oslo the Oslo taxi 
dispatch service will be connected but the Trondheim dispatch will be used when he 
is in Trondheim. When being on the move, he runs onto area only covered by 
WLAN where an equivalent service called “drosje” is available. His favourite Taxi 
service will be unavailable because no Taxi service is found. 
x Synchronous services: The user is having a conversation using GSM telephony and 
arriving to an area where there is no GSM coverage but only WiMAX coverage. 
With the MIH support the mobile phone can smoothly switch to WiMAX. 
Unfortunately, the WiMAX network does not support GSM telephony but offers 
only an IP telephony service called WiPhone. The Mobile Node does not have any 
information about the WiPhone and is hence not able to use it. The user’s 
conversation is consequently broken down. 
From the two described cases, it is evident that in addition to network information it is 
necessary to have service information to ensure service continuity. 
5. PROPOSED EXTENSIONS TO THE MIH HANDOVER PROCEDURE 
In order to implement the extension necessary for the support of service continuity in the 
case of handover between two different but equivalent service let us consider the Mobile-
initiated handover procedure and identify the steps where addition or modifications are to 
be done. 
The Mobile-initiated Handover Procedure operates as follows: 
x Step 1: Mobile Node is connected to the serving network via Current Point of 
Service (PoS) and it has access to MIH Information Server. 
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x Step 2: Mobile Node queries information about neighboring networks by sending the 
MIH_Get_Information request to Information Server. Information Server responds 
with MIH_Get_Information response. This information query may be attempted as 
soon as Mobile Node is first attached to the network. 
x Step 3: Mobile Node triggers a mobile-initiated handover by sending 
MIH_MN_HO_Candidate_Query request to Serving PoS. This request queries 
information of potential candidate networks. It includes queries on QoS resources 
and/or IP address configuration method supported in the candidate networks. 
x Step 4: Serving PoS queries the availability of resources at the candidate networks by 
sending MIH_N2N_HO_Query Resources request to one or multiple Candidate 
PoSs. 
x Step 5: Candidate PoSs respond with MIH_N2N_HO_Query_Resources response 
and Serving PoS notifies the Mobile Node of the resulting resource availability at the 
candidate networks through MIH_MN_HO_Candidate_Query response. 
x Step 6: Mobile Node decides the target of the handover and requests resource 
preparation by sending the MIH_MN_HO_Commit request to Serving PoS. 
x Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to request 
resource preparation at the target network. Target PoS responds the result of the 
resource preparation by MIH_N2N_HO_Commit response. 
x Step 8: When the resource is successfully prepared, Serving PoS sends 
MIH_MN_HO_Commit response to Mobile Node. 
x Step 9: New layer 2 connection is established and a certain mobility management 
protocol procedures are carried out between Mobile Node and target network. 
x Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. 
Target PoS sends MIH_MN_HO_Complete request to previous Serving PoS to 
release resource which was allocated to Mobile Node. After identifying that resource 
is successfully released, Target PoS may send MIH_MN_HO_Complete response to 
Mobile Node.  
To support service continuity the following extensions are proposed: 
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Step 3: Extension is needed in step 3if the Mobile Node is looking for a particular set of 
services and the candidate networks must support them. 
The primitive MIH_MN_HO_Candidate_Query request has to be modified to 
accommodate service information, which constitutes one of the criteria for identifying 
candidate networks. We propose to introduce an additional parameter called 
QueryServiceList as follows: 
MIH_MN_HO_Candidate_Query.request ( 
       DestinationIdentifier, 
       CurrentLinkIdentifier, 
       CandidateLinkList, 
       QueryResourceList, 
       IPConfigurationMethods, 
       DHCPServerAddress, 
       FAAddress, 
       AccessRouterAddress, 
       QueryServiceList, 
       ) 
The parameter QueryServiceList is the list of services that the Mobile Node is 
requesting. It has a type LIST(SERVICE) which contains 0 or more services. The data type 
SERVICE is defined as shown in TABLE 1. 
 
Table 1. Definition of Data Type Service. 
Data type name Derived from Definition 
SERVICE 
SEQUENCE( 
SERVICE_NAME, 
SERVICE_TYPE, 
SERVICE_PARENT_TYPE, 
SERVICE_EQUIVALENCE_
A type to represent a list of 
service in the access network. 
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CLASS, 
SERVICE_KEWORDS, 
SERVICE_DESCRIPTION 
) 
SERVICE_NAME OCTET_STRING 
A type to represent a service 
name. A non-NULL terminated 
string whose length shall not 
exceed 253 octets. 
SERVICE_TYPE OCTET_STRING 
A type to represent in which 
category the service belongs to. A 
non-NULL terminated string 
whose length shall not exceed 253 
octets. 
SERVICE_PAREN
T_TYPE 
OCTET_STRING 
A type to represent ParentType of 
a service. A non-NULL 
terminated string whose length 
shall not exceed 253 octets. 
SERVICE_EQUIVA
LENCE_CLASS 
OCTET_STRING 
A type to represent equivalence 
services (any EquivalenceClass of 
the service defined by the Service 
Provider; it can also be service 
with the same ParentType). The 
value is a non-NULL terminated 
string whose length shall not 
exceed 253 octets. 
SERVICE_KEYWO
RDS 
OCTET_STRING 
A type to represent keywords of a 
service. The value is a non-NULL 
terminated string whose length 
shall not exceed 253 octets. 
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SERVICE_DESCRI
PTION 
OCTET_STRING 
A type to represent the description 
of a service. A non-NULL 
terminated string whose length 
shall not exceed 253 octets. 
 
SERVICE_NAME identifies a service instance. A service instance has a unique 
SERVICE_NAME but a SERVICE_NAME may be given to several service instances. In a 
future mobile environment where anybody can be service provider and a service can be 
anything a SERVICE_NAME will not be standardized and the same name can be used by 
multiple service providers to denote multiple different services (Bashah, et al 2010). 
SERVICE_TYPE identifies the type of the service. As for SERVICE_NAME the 
SERVICE_TYPE can be ambiguous in a future mobile environment. 
SERVICE_PARENT_TYPE identifies parent service type that the current service type is 
derived from. The SERVICE_PARENT_TYPE is necessary in the service matching when a 
partial match, i.e. only a subset of features is required (Bashah, et al 2010). 
SERVICE_EQUIVALENCE_CLASS identifies the equivalence class that the service 
type belongs to. This identifier is necessary to enable the usage of multiple languages to 
denote a service. 
SERVICE_KEYWORDS contains attributes that helps narrow the scope of the service 
matching. 
The SERVICE_DESCRIPTION contains information needed to use the service. 
 
Step 4: It is necessary to modify the primitive MIH_N2N_HO_Query_Resources request to 
accommodate service information. We propose to introduce an additional parameter called 
ServiceRequirements as follows: 
MIH_N2N_HO_Candidate_Query.request ( 
                 DestinationIdentifier, 
                 QoSResourceRequirements, 
                 IPConfigurationMethods, 
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                 DHCPServerAddress, 
                 FAAddress, 
                 AccessRouterAddress, 
                 CandidateLinkList, 
                 ServiceRequirements, 
                ) 
The parameter ServiceRequirements is the service requirements that the Mobile Node is 
requesting. It has a type LIST(SERVICE) which contains 0 or more services. 
 
Step 5: In this step the list of candidate networks will be returned by Candidate PoS with 
the primitive MIH_N2N_HO_Query_Resources response and forwarded to the Mobile 
Node through the primitive MIH_MN_HO_Candidate_Query response. No modification is 
required for these two primitives but in order to compile the candidate list the Candidate 
PoSs will have to carry out a service discovery and matching in addition to the standard 
resource query. 
 
Step 6: To select the target network for handover, the Mobile Node must choose the most 
appropriate available services and requests resource preparation by sending the 
MIH_MN_HO_Commit request to Serving PoS. In addition to resource preparation 
appropriate actions must be carried out on the network side to perform the service transfer 
to replace current service instance with new equivalent service instance. 
The primitive MIH_MN_HO_Commit request must be extended with an additional 
parameter TargetServiceInfo as follows: 
MIH_MN_HO_Commit.request ( 
          DestinationIdentifier, 
          LinkType, 
          TargetNetworkInfo, 
          TargetServiceInfo, 
          ) 
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The parameter TargetServiceInfo has LIST(SERVICE) as type and contains the names 
of services to be prepared for the handover. 
 
Step 7: Serving PoS sends MIH_N2N_HO_Commit request to Target PoS to request 
resource preparation at the target network. 
The primitive has to be extended with an additional parameter RequestedServiceSet of 
LIST(SERVICE) type which indicates the services that needs to be prepared for handover 
as follows: 
MIH_N2N_HO_Commit.request ( 
           DestinationIdentifier, 
           MNIdentifier, 
           TargetMNLinkIdentifier, 
           TargetPoA, 
           RequestedResourceSet, 
           RequestedServiceSet, 
            ) 
Target PoS responds the result of the resource preparation by MIH_N2N_HO_Commit 
response, which is extended with the parameter AssignedServiceSet of LIST(SERVICE) 
type as follows: 
MIH_N2N_HO_Commit.response ( 
            DestinationIdentifier, 
            Status, 
            MNIdentifier, 
            TargetLinkIdentifier, 
            AssignedResourceSet, 
            AssignedServiceSet, 
            ) 
Step 8: When the resource is successfully prepared, Serving PoS sends 
MIH_MN_HO_Commit response to Mobile Node. The primitive 
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MIH_MN_HO_Commit.response is also extended with an additional parameter called 
TargetServiceInfo of LIST(SERVICE) type as follows: 
MIH_MN_HO_Commit.response ( 
            DestinationIdentifier, 
            Status, 
            LinkType, 
            TargetServiceInfo, 
             ) 
Step 9: New layer 2 connection is established and a certain mobility management protocol 
procedures are carried out between Mobile Node and target network. In addition to these 
standard procedures for the MIH, we propose to perform also service transfer procedures to 
ensure service continuity. 
 
Step 10: Mobile Node may send MIH_MN_HO_Complete request to Target PoS. Target 
PoS sends MIH_N2N_HO_Complete request to previous Serving PoS to release resource 
which was allocated to Mobile Node. After identifying that resource is successfully relased, 
Target PoS may send MIH_MN_HO_Complete response to Mobile Node. In addition to 
the release of radio resources it may also be necessary to release service resources. 
To enable service continuity the Media Independent Command Service (MICS) must 
accommodate the modified commands as described above. 
 
6. PROPOSED EXTENSIONS TO THE MEDIA INDEPENDENT INFORMATION 
SERVICE (MIIS) 
The Media Independent Information Service (MIIS) provides a framework and 
corresponding mechanisms by which an MIHF entity can discover and obtain network 
information existing within a geographical area to facilitate handovers. To ensure service 
continuity it is also necessary with extensions in the MIIS as proposed in (Bashah, et al 
2009). More specifically, new Information Elements (IEs) containing service information 
must be added to the standard set as follows: 
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x IE_NET_SERVICES introduced in the Access Network Container which contains 
information about services supported by the access network. This element is used 
when the network is offering the same services at every PoAs. If the network does 
provide different services at different PoAs, this information element must be left 
empty. When encountering an empty IE_NET_SERVICES the service discovery 
will have to proceed to the respective PoA container to carry out the service 
matching. 
x IE_POA_SERVICES introduced in the PoA Container which contains information 
on services supported at the PoA. For networks offering the same services at all the 
PoAs, this element must be empty since the information about the services is 
already specified at the network level. 
Figure 3 depicts the example on how the new service information is included in the 
Information Elements. 
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Figure 3. Information elements with service information 
7. IMPLEMENTATION OF SERVICE DISCOVERY 
In this section the service discovery development environment is described. The user 
interface is explained and four use scenarios are given to illustrate the effectiveness of the 
proposed service discovery and matching procedure. 
 
7.1 Mobile Service Discovery Testbed 
The service discovery application is developed in the JavaTM  (G. James, et al 2005) 
language using the Android Software Development Kit (SDK) which provides the tools and 
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APIs necessary to begin developing applications on the Android platform. Android 
(Android developers 2010) is a software stack for mobile devices that includes an operating 
system, middleware and key applications. Android platform is chosen because it provides 
access to a wide range of useful libraries and tools that can be used to build rich 
applications.  
Eclipse Helios (Eclipse 2001) is used for the IDE and Android plugin for Eclipse is also 
needed for the system development. The developed application is flexible and capable of 
handling all the request variants from the Mobile Node. Android emulator is used for the 
testing purpose. The application can be installed and run in any types of mobile phones 
with Android 2.3 operating system and later.  
 
7.2 System User Interface 
Figure 4 shows the icon of the service discovery in the Android emulator. Figure 5 
depicts the service discovery user interface offering three options to find service as follows:  
4. by Service Name - the EquivalenceClass semantic will be used and all the similar 
services with different names and languages will be return. 
5. by Service Type - all the subtype services under the same ParentType will be return. 
6. by Keyword - even the non-exact match services will be return as long as it has 
something in common to describe about the service (for e.g. Snacks or Cocktail to 
define Food service). 
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Figure 4. Service discovery icon on Android emulator 
 
 
Figure 5. Service discovery user interface 
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7.3 Use scenarios 
Use scenario 1 - Service discovery and matching based on the service name. 
The Mobile Node may request for a specific service by specifying its service name. For 
example, if the Mobile Node requests for a Skype service, only the networks offering 
Skype service should be returned as depicted in Figure 6. 
 
Figure 6. Service discovery and matching based on the service name – Skype example 
 
It is worth noting that a network with a completely different service with the name of 
Skype can be returned because the service names are not standardized and unique. To avoid 
this situation the Mobile Node may have to specify the service type in addition to the 
service name to aid the service discovery. For example, when the Mobile Node requests a 
service with the service name Book and specify Online Business as service type as 
illustrated in Figure 7, only the Book service with the service type Online Business is 
returned. 
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Figure 7. Example of Book service denotes different type of services 
 
Figure 8 shows the example of Mobile Node requests a service with the service name 
Book without specifying the service type.  
 
 
Figure 8. Service discovery and matching based on the service name – Book example 
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The service discovery will return two completely different book services as the search 
result as depicted in Figure 9. The first result is referring to a Book service (for e.g. buying 
online book or information about a book). While the second result of Book service is 
referring to a Reservation service.   
 
 
Figure 9. Service discovery and matching based on the service name – Book example 
(result) 
 
If the Mobile Node specifies only the service type without the service name all the 
supported services with the same service type will be return. For example, if the Mobile 
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Node requests for IP telephony service, Skype, VoIP and WiPhone, which has IP 
Telephony as same service type will be returned. 
Use scenario 2 - Service discovery and matching based on ParentType. 
The Mobile Node may also request a service by specifying the ParentType. All the services 
with the same ParentType will be returned. In this case only partial match is required. For 
example, if the Mobile Node specifies Telephony as ParentType all the child service types 
of Telephony e.g. Skype, GSM, VoIP and WiPhone will be returned as illustrated in Figure 
10. 
 
 
Figure 10. Service discovery and matching based on ParentType 
 
Use scenario 3 - Service discovery and matching based on EquivalenceClass. 
The Mobile Node may request a service by specifying the EquivalenceClass. In this case all 
the services of equivalent service type will be returned. The returned services can have 
 243 
 
different names, types in different languages. For example, if the Mobile Node requests 
service by specifying Restoran as EquivalenceClass, Café, Bistro, Restaurant, etc. will be 
returned as illustrated in Figure  11.  
 
 
Figure 11. Service discovery and matching based on EquivalenceClass 
 
In addition, the service discovery also supports for finding a service in multiple-
languages as shown in Figure 12. 
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Figure 12. Service discovery and matching based on EquivalenceClass – support for 
multiple languages 
By having this feature the user will not have to worry even though other names returned 
when he wants to find a service (especially if he is abroad and different languages is used to 
call a service) because the service discovery system returns only services equivalent to the 
one requested. 
 
Use scenario 4 - Service discovery and matching based on Keywords. 
The Mobile Node can request a service by specifying Keywords. This can be used 
especially when the user has only a vague idea about the service he wants to request. The 
service matching the Keywords will be returned. For example, if the Mobile Node wants to 
find a Food service, it may send Meal, Snacks or Dining as Keywords to request for the 
Food service as illustrated in Figure 13. 
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Figure 13. Service discovery and matching based on Keywords. 
 
The time taken in the output screen indicates the processing time (in seconds) to retrieve 
the search result. 
 
8. CONCLUSION 
In this paper, it is explained when and how the IEEE 802.21 MIH fails to support service 
continuity. To remedy the situation, it is proposed to exchange information about supported 
services in addition to the network QoS information. The paper also indicates the necessary 
extensions in the handover procedure and specifies the additional information elements 
containing service information. A novel service discovery has also been proposed as 
additional function for the MIH Information Servers. To verify the feasibility of the 
proposed extension, a simplified and simulated MIH containing only service information 
and service capability has been successfully implemented (Bashah, et al 2010). The MIH 
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capability including service continuity support on the Mobile Node has also successfully 
developed on Android and illustrated by few use scenarios in this paper. For further work 
the proposed extension in the existing IEEE 802.21 MIH Services should be implemented 
and the service discovery should be installed in any MIH client so that testing and 
evaluation can be carried out in the real mobile environment.  
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